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TARGETED TREATMENTS 
FOR BRAIN TUMORS



WHOLE BRAIN RADIATION THERAPY



IMRT/VMAT



PROTON BEAM THERAPY



SRS/SRT



EVOLUTION OF CHEMOTHERAPY

Historically – post op Radiation +/- CCNU/BCNU

 Development of cancer genomics revolutionizing the 
diagnostic criteria

 Fifth edition of the World Health Organization 
Classification of Tumors of the Central Nervous 
System (WHO CNS5) in 2021 

 Advancement in the role of molecular diagnostics in 
CNS tumor classification discovery of impactful and 
experimental molecular-targeted therapies provides 
new insights for current management and prognosis



Roger Stupp, 2005



STANDARD OF CARE

The two-year survival rate was
26.5 percent with radiotherapy 
plus temozolomide and 10.4 
percent with radiotherapy
alone



2018



GLIOMAS



GBM

Alkylating agent and MGMT promoter methylation

 TMZ might lead to recurrence of GBM with high expression of 
MGMT (Neuropathol Appl Neurobiol. 2015;41(6):694–720)

 Resistance to TMZ was presumed related to MGMT gene 
fusion or rearrangement mutation (Nature Communications. 

2020;11(1):1–10)

 Animal models present that Bortezomib could increase the 
sensitivity of GBM to temozolomide by reducing MGMT 
mRNA and protein (Br J Cancer. 2019;121(7):545–55)

 Newly discovered enhancer, namely K-M enhancer, increases 
MGMT expression thus inducing TMZ resistance despite of 
the hypermethylated MRMT promoter. Nature Communications. 
2018;9(1):1–14.



 Frenel et al. proved that the combination of folic 
acid, TMZ and radiotherapy in the treatment of 
unmethylated MGMT patients was feasible, 
suggesting the prospect of inducing MGMT 
methylation in GBM therapy (NCT01700569) Ann 

Oncol. 2020;31:S400–S400.



TYROSINE KINASE RECEPTORS



Tyrosine kinase receptor

Epidermal growth factor receptor (EGFR)

 EGFR inhibitors

 Antibodies, vaccines, CAR-T and other therapies to limit 
the content of EGFR

 EGFR mutations occur in about 50% of all GBM samples, 
of which more than 40% are gene amplification, and the 
rest include gene mutations, rearrangements, splicing 
site changes, etc. 

 The most common gene mutation of EGFR is EGFRvIII
(deletion of exons 2–7) as a potential marker of 
treatment for GBM.



 Osimertinib could not only inhibit EGFRnegative

glioblastoma patient-derived xenograft (PDX), possibly via 
regulation of MAPK pathway, but also inhibit transcription 
factor EGFR-TAZ, providing a novel insight for drug reuse 
of EGFR-targeted inhibitors. Can Res. 2021;81(13):3580–92.

 Nimotuzumab was more effective with patients carrying 
activated akt/mTOR

 Depatuxizumab mafodotin (formerly ABT- 414), an 
antibody–drug conjugate using EGFR antibody as receptor-
direction, seemed to be effective in recurrent GBM (rGBM) 
after standard treatment of TMZ  but ineffective in newly-
diagnosed GBM (NCT02573324)



 Vaccination Rindopepimut combined with TMZ in 
rGBM patients carrying EGFR-VIII is relatively 
active (originally NCT00458601) but it failed to 
present effectiveness in a phase III trial 
(NCT01480479) 

 CAR-T therapy is still under phase I trial and 
demonstrates expected effect (NCT02209376)



PI3K/AKT/mTOR pathway

Temsirolimus, Buparlisib, Everolimus

 PI3K pathway as a therapy target in GBM is often 
ineffective

 Combination strategies should be explored in the 
future

 Larotrectinib

 Entrectinib

 Tried in solid tumors, ph 1 trials for GBM



MET  

 MET gene encodes hepatocyte growth factor receptor 
(also known as scatter factor), which is thought to play an 
important role in the migration, invasion, drug resistance 
and recurrence of glioma cells, especially in radiation 
resistance, inhibition of angiogenesis and hypoxia

 Since mutations in c-MET often lead to drug resistance 
in GBM patients, influencing the efficacy of PI3K 
targeted therapy, the combination of MET inhibitors and 
PI3K inhibitors can be considered in follow-up trials.



 Fibroblast growth factor receptor (FGFR)

 Neurotrophic tyrosine receptor kinases (NTRK)

 Cell cycle control and apoptosis regulating pathways 
The retinoblastoma (pRB) pathway (CDK4/6)

 BRAF mutation

 The p53 pathway

 TERT promoter mutation

 Proteasome



Micro environmental targets



Micro-environmental targets

Angiogenesis Vascular Endothelial Growth Factor (VEGF)
 Bevacizumab, a humanized monoclonal antibody against 

the VEGF-A ligand, binds to endothelial cells and 
inhibits angiogenesis

 Bevacizumab significantly improved PFS 
(NCT00884741). 

 However, it did not improve OS even with the adjuvant 
chemoradiotherapy or lomustine and was reported with 
high frequency of adverse events (NCT00943826, 
NCT01290939)

 IDH1-wildtype GBM patients exhibited prolonged OS 
after receiving Bevacizumab therapy (NCT00943826)( J 
Clin Oncol. 2015;33(25):2735–44.)



Integrin

 Cilengitide is a selective integrin inhibitor targeting αvβ3 and 
αvβ5, which its combination with Cediranib had a great 
tolerance to rGBM patients in a phase I trial (NCT00979862)

 TMZ/RT-TMZ plus Cilengitide with great tolerance and 
efficacy could not improve invasiveness or recurrent rate of 
newly-diagnosed GBM (NCT00813943) 

 In GBM patients with MGMT promoter methylation, 
Cilengitide had good performance as adjuvant administration 
with standard treatment (NCT00689221, NCT00689221)

 Although Cilengitide has not exhibited remarkable potential 
as monotherapy, integrins remain to be the important target.



Immunotherapy





 Tumor-specific antigen polypeptide vaccines - The 
vaccine peptide rindopepimut was synthesized according 
to the small amino acid sequence around the fusion site 
on EGFRvIII. Benefit could not be reproduced in phase 
III clinical trial

 Innate immune cell therapies and vaccines - tumor-
associated macrophages (TAMs), myeloid-derived 
suppressor cells (MDSCs), and tumor-infiltrating 
dendritic cells (TIDCs). Although these studies have 
shown mixed outcomes, the ability of DC vaccines to a 
patient’s tumor cannot be underestimated, and innate 
immune cell therapies are currently shown to have both 
the advantages of very low side effects and high 
specificity. 



Adaptive immune cell therapy - CAR-T is a genetically 
engineered T cell with an artificial receptor directed 
against the selected antigen
 The most studied targets of CAR-T in GBM are HER2, 

EGFRvIII, as well as IL-13αR2
 O’Rourke, et al stated that EGFRvIII-directed CAR-T 

cells are effective and safe
 Brown, et al used CAR-T cells targeting IL-13Rα2 in 

recurrent GBM patients. 
 The results were dramatic, with complete regression of 

all lesions and the effect maintained for 7.5 months.
 This clinical trial is still ongoing (NCT02208362)



 Oncolytic virotherapy - Oncolytic viruses utilize the 
natural capability of viruses to replicate and lyse cells 
in combination with the release of neoantigens and 
damage-associated molecular patterns following 
tumor cell lysis, thereby invoking a robust immune 
response in the cancer area that further kills the 
tumor

 The most common are herpesviruses, reoviruses, 
poxviruses, adenoviruses, or Zika virus







CONCLUSIONS

 None of the investigated substances provided a 
significant improvement in OS, although a 
potentially clinically meaningful extension in PFS 
has been demonstrated with regard to VEGF/VEGFR 
blockade

 Personalized design of randomized trials, including a 
careful selection of patient populations that should 
focus on molecular markers that may predict the 
response to the specific agents used in the tria



LOW GRADE GLIOMAS





median progression-free survival, 27.7 months vs. 11.1 months; hazard
ratio for disease progression or death, 0.39; 95% confidence interval [CI], 0.27 to
0.56; P<0.001)



MENINGIOMA





MEDULLOBLASTOMA



 The SMO inhibitors vismodegib and sonidegib seem 
to be effective only in the subset of SHH-activated 
MB that harbors mutations upstream of SMO

 Furthermore, MB patients treated with SMO 
inhibitors exhibit treatment resistance and disease 
relapse over time, suggesting that therapy with the 
single agents alone may be inadequate, while 
combination therapies, especially with agents that 
are active downstream of SMO, might be an effective 
strategy to delay drug resistance and disease 
progression.



 GLI Inhibitors

 Indirect Inhibitors of the Transcriptional Factor 
GLI: Histone Deacetylases (HDACs) - Panobinostat
is a synthetic non-selective pan-deacetylase inhibitor 
that is currently under investigation in a pilot phase I 
study (NCT04315064)

 CDK Inhibitors

 Bromodomain Proteins



CONCLUSIONS AND FUTURE DIRECTIONS

 The fifth edition of the WHO classification of CNS tumors in 2021 has 
incorporated many advanced molecular alterations into the diagnostic 
standards. 

 Failure of several targeted agents, especially for GBM, illustrates that 
CNS tumors do not only rely on a single pathway driven targeted 
therapy.

 Future treatment may be improved in the following ways:

1) the combination strategies of multiple targeted drugs and

immunotherapeutic approaches have been proven  efficacy against

brain tumors, especially for recurrent/ progressive patients, and could

be the trend of treatment management in the future; 

2) the limited scale of participation and specific patient groups indicates

the necessity of performing more larger and multicenter clinical trials 
to

assess efficacy and safety; 



3) Developing more effective drug delivery system to

overcome the blood–brain barrier, such as nano-

drug or extracellular vesicle-based drug delivery 

system; 

4) performing a genetic/precision medical treatments

based on the genomics technologies.



THANK YOU
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