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Advances in the Management of GBM and  
Other Brain Tumors 

Objectives 
 

• To identify recently FDA-approved therapies for malignant 
gliomas and other brain tumors. 

 

• To discuss recent data on immunotherapies for malignant 
gliomas. 

 

• To discuss dexamethasone interference in the management of 
patients with malignant gliomas. 

 



FDA-Approved Treatments for Malignant Glioma 

 June 14, 1996:  Carmustine wafer for recurrent glioblastoma 
 

 January 12, 1999:  Temozolomide for anaplastic astrocytoma 
 

 February 25, 2003:  Carmustine wafer for newly diagnosed glioblastoma 
 

 March 15, 2005:  Temozolomide for newly diagnosed glioblastoma 
 

 May 5, 2009:  Bevacizumab for progressive glioblastoma  
 (provisional approval) 

 
 April 15, 2011:  Tumor Treating Fields for recurrent glioblastoma 

 
 October 5, 2015:  Tumor Treating Fields for newly diagnosed glioblastoma 

 
 June 6, 2017:  Aminolevulinic acid hydrochloride (5-ALA HCl) 

 
 December 5, 2017:  Bevacizumab for recurrent glioblastoma (full approval) 





5-ALA HCl Oral Solution, FDA Panel Meeting, May 12, 2017. 



Wong ET.  J Neurooncol  2006;77:295-296. 

Hallmarks of Glioblastoma:   
Tumor Growth, Angiogenesis and Invasion 



Wong ET.  J Neurooncol  2006;77:295-296. 

Hallmarks of Glioblastoma:   
Tumor Growth, Angiogenesis and Invasion 



Pseudopalisading Necrosis and Invasion are  
Hallmarks of Glioblastoma 



VEGF mRNA is Upregulated in the Hypoxic Zone of Glioblastoma 

Plate KH, Breier G, Weich HA, et al.  Nature  1992;359:845-848. 



Bevacizumab for Newly Diagnosed Glioblastoma 

1. No survival benefit in the upfront treatment of glioblastoma 

2. There may be benefit in specialized population of patients 

 with newly diagnosed glioblastoma (i.e. large unresectable 

 tumor, molecular genetics, etc.) 

PRIMARY ENDPOINTS, AVAGLIO & RTOG 0825 

AVAGLIO RTOG 0825 

Regimen Bev/TMZ/RT TMZ/RT Bev/TMZ/RT 

 

TMZ/RT 

PFS 10.6 months 6.2 months 10.3 months 7.3 months 

HR 0.64, p<0.0001 HR 0.79, p=0.07 

OS 

 

16.8 months 16.7 months 15.7 months 16.1 months 

HR 0.88, p=0.0987 HR 1.13, p=0.21 

Sources:  AVAglio: Wick, Abstract 2002, ASCO 2013; RTOG 0825: Gilbert, Abstract 1, ASCO 2013. 



Targeted Therapies for Various Types of  
Common Malignancies versus Malignant Brain Tumor 

(www.cancer.gov/about-cancer/treatment) 
Lung Cancer Breast Cancer Colon Cancer Brain Cancer 

Afatinib Abemaciclib Bevacizumab Bevacizumab 

Bevacizumab Ado-Trastuzumab Emtansine Cetuximab 

Ceritinib Everolimus Panitumumab 

Crizotinib Lapatinib Regorafenib 

Dabrafenib Neratinib Zvi-Aflibercept 

Erlotinib Olaparib 

Gefitinib Palbociclib 

Osimertinib Pertuzumab 

Trametinib Ribociclib 

Trastuzumab 



Louis DN, Perry A, Reifenberger G, et al.  Acta Neuropathol  2016;131:803-820. 

Updated WHO Classification for Malignant Gliomas:   
Incorporation of Molecular Genetics 









Checkpoint Inhibitors: Therapeutic Indications  

Ipilimumab Nivolumab Pembrolizumab Atezolizumab Durvalumab Avelumab 

Metastatic 
Melanoma 

Metastatic 
NSCLC 

Advanced 
Melanoma 

Urothelial 
Cancer 

Urothelial 
Cancer 

Merkel Cell 
Cacrinoma 

Adjuvant for 
Melanoma 

Renal Cell 
Carcinoma 

Metastatic 
NSCLC 

NSCLC Urothelial 
Cancer 

Renal Cell 
Carcinoma 

Hodgkin’s 
Lymphoma 

Renal Cell 
Carcinoma 

Squamous 
H&N Cancer 

Hodgkin’s 
Lymphoma 

Urothelial 
Cancer 

PMBCL 
(Lymphoma) 

Urothelial 
Cancer 

MSI-H Cancer 

Gastric Cancer 

Cervical Cancer 



Nivolumab Failed to Improve Overall Survival of 
Patients with Recurrent Glioblastoma 

Uhm J. Highlights of the Day Session 1, ASCO June 3, 2018. 



Yarchoan M et al. N Engl J Med 2017;377:2500-2501. 

Correlation between Tumor Mutational Burden and Objective Response 
Rate with Anti–PD-1 or Anti–PD-L1 Therapy in 27 Tumor Types 



Dexamethasone Attentuates Personalized 
Neoantigen Vaccines in Glioblastoma 

Keskin DB, Anandappa AJ, Sun J, et al. Nature 2019;565(5):1458-1471. 



The Problem 

● There is no treatment that offers durable 
 efficacy against glioblastoma growth and 
 proliferation 

 

● Anti-angiogenesis treatment using 
 bevacizumab offers only temporary 
 benefit. 

 

● There is currently no treatment available for 
 tumor invasion 



Applications of the Electromagnetic Spectrum for 
Brain Tumors 

Swanson KD, Lok E, Wong ET.  Tumor treating electric fields for glioblastoma.  In Brem S and Abdullah KG 
(Editors):  Glioblastoma, Chapter 17, pp. 213-224, 2016.  



NovoTTF-100A Alternating Electric Fields Therapy for 
Recurrent Glioblastoma 

Stupp R, Wong ET, Kanner AA, et al.  Eur J Cancer  2012;48:2192-2202. 

Fonkem E, Wong ET.  Exp Rev Neurother  2012;12:895-899. 

Boston Globe, December 27, 2014 



Tumor Treating Fields: Mechanisms of Actions 

Electric 
Fields 

Cell 
Biology 

Clinical 
Efficacy 



• An electric field is a potential difference in space 
• Charges move and dipoles oscillate in a uniform alternating electric field 

Electric Field Effect on Charges and Dipoles 

Gutin P, Wong ET. Presented at 2012 ASCO Annual Meeting Education Session; June 1-5, 2012; Chicago, IL.  
ASCO University website. http://meetinglibrary.asco.org/content/66664. Accessed June 26, 2013. 



EVH & SARVH in Gross Tumor Volume and 
Other Intracranial Structures 



Tumor Treating Fields Appear to Affect Cells After  
DNA Damaging Agents and Spindle Poisons 

SAC checkpoint 

DNA damaging  

agents 

G2/M checkpoint 

Taxol 

TTFields 

Vazquez-Martin A, Oliveras-Ferraros C, Menendez JA, et al.  Cell Cycle  2009;8(15):2385-2398. 



Perturbation of Septin Heterotrimers Causes Endoplasmic 
Reticulum Stress and Subsequent Immunogenic Cell Death 

Wong ET, Lok E, Swanson KD. Curr Treat Options Oncol 2015;16:40. 

TTFields 

Control 



Normal Mitosis 

Phase Contrast DNA (DRAQ5) 



Tumor Treatment Fields Disrupt Cells  
During Transition from Metaphase to Anaphase 

Phase Contrast DNA (DRAQ5) 



TTFields Perturb Cytokinesis 

Phase Contrast DNA (DRAQ5) 



Cells Exposed to TTFields in Mitosis Exhibit Signs of 
Physical Perturbation in Anaphase 

DAPI 

pH3 

tubulin 

DAPI 

pCenpA 

BubR1 

Top:  Non-TTFields exposed cells 
Bottom:  TTFields exposed Cells 

Lee SX, Wong ET, Swanson KD. Neuro-Oncology 2011 (CB-17). 



Prerequisite for Immunogenic Cell Death:   
Cell Cultures Treated with TTFields Exhibited Signs of 

Endoplasmic Reticulum Stress 

Lee SX, Wong ET, Swanson KD.  Neuro-Oncology  2012; Senovilla L, et al.  Science  2012;337:1678-1684. 

TTFields 

Control 



Cells Exposed to Alternating ElectricFields in Mitosis 
Exhibit Signs of Physical Perturbation in Anaphase 

Lee SX, Tunkyi A, Wong ET, Swanson KD. [SNO abstract CB-17].  Neuro Oncol  2011;13(suppl 3):iii10-25. 

APC/C 

Activation 

Untreated 

TTFields-Treated 

Complete Microtubule 

Capture 
APC/C 

Securin Cohesin Separase 
Chromatid 

Separation 

Cyclin B/ 

Cdk1 

Ring 

Activation 
Cytokinesis 

Furrow 

Assembly 

Alternating Electric Fields 



Maintenance TTFields Added to  
Radiotherapy and Temozolomide Improves 

Survival of Glioblastoma Patients 

 PFS:  progression free survival    OS:  overall survival 
 
Stupp R, Taillibert S, Kanner AA, et al. JAMA 2017;314(23):2535-2543. 

    PFS: 7.1 vs 4.0 months    OS: 20.5 vs 15.6 months 



EF-14 Trial Design:  TTFields + Temozolomide 
versus Temozolomide Alone  

Stupp R, Tallibert S, Kanner AA, et al. JAMA 2015;314:2535-2543. 
Stupp R, Idbaih A, Steinberg DM, et al. AACR Annual Meeting 2017, April 1-4, Washington, DC. 

TTFields 
TTFields 



EF-14 5-Year Survival Analysis:  

Baseline Patient Characteristics are Balanced:   

Stupp R, Idbaih A, Steinberg DM, et al. AACR Annual Meeting 2017, April 1-4, Washington, DC. 

TTFields 



EF-14 5-Year Survival Analysis:  
Baseline Patient Characteristics are Balanced 

Stupp R, Idbaih A, Steinberg DM, et al. AACR Annual Meeting 2017, April 1-4, Washington, DC. 

TTFields 



EF-14: Outcome Consistent Across Interim and 
5-Year Survival Analyses 

Stupp R, Tallibert S, Kanner AA, et al. JAMA 2015;314:2535-2543. 
Stupp R, Idbaih A, Steinberg DM, et al. AACR Annual Meeting 2017, April 1-4, Washington, DC. 

TTFields 

TTFields TTFields 

TTFields 



EF-14 Safety Analysis: 
Grade 3 or 4 Adverse Events in ≥2% of Patients  

Stupp R, Tallibert S, Kanner AA, et al. JAMA 2015;314:2535-2543. 
Stupp R, Idbaih A, Steinberg DM, et al. AACR Annual Meeting 2017, April 1-4, Washington, DC. 

TTFields 



EF-14 Safety Analysis: 
Grade 3 or 4 Adverse Events in ≥2% of Patients  

Stupp R, Tallibert S, Kanner AA, et al. JAMA 2015;314:2535-2543. 
Stupp R, Idbaih A, Steinberg DM, et al. AACR Annual Meeting 2017, April 1-4, Washington, DC. 

TTFields 



 

• TTFields plus TMZ is superior to TMZ alone in newly 
diagnosed glioblastoma patients 

– Side effects are similar in the two groups and consist 
primarily of hematologic adverse events 

– Control group did not include sham treatment 

Tumor Treating Fields for Newly Diagnosed 
Glioblastoma 



EF-11:  TTFields and Chemotherapy have Comparable 
Efficacy in Recurrent Glioblastoma  

Kirson ED, Dbalý V, Tovaryš F, et al. PNAS 2007;104(24):10152-10157. 
Stupp R, Wong ET, Kanner AA, et al. Eur J Cancer 2012;48(11):2192-2202. 

2.2 vs 2.1 months, p = 

0.16 

(9.5 vs 9.1 weeks) 

6.6 vs 6.0 months, p = 

0.27 

(28.6 vs 26.0 weeks) 

26.1 

weeks 

62.2 

weeks 



Dexamethasone Interferes with TTFields and 
Chemotherapy 

Wong ET, Lok E, Swanson KD, et al. Cancer Med 014;3(3):592-602. 
Wong ET, Lok E, Gautam S, et al.  Br J Cancer 2015;113(23):232-241. 



CD3, CD4 and CD8 Counts Influence Survival of 
Validation Cohort Treated with Tumor Treating Fields 

Wong ET, Lok E, Gautam S, et al.  Br J Cancer 2015;113(23):232-241. 



Absolute CD4 Lymphocyte Count is Prognostic for 
Newly Diagnosed Glioblastoma Patients 

Grossman SA, Ye X, Lesser G, et al. Clin Cancer Res 2011;17:5473-5480. 



Dexamethasone Affects Lymphocyte and 
Monocyte Count (Quantitative Effect) 

Fauci AS. Clin Exp Immunol 1976;24:54-62. 

 
 
 
Lymphocytes 
 
 
 
 
Monocytes 
 
 
 



Dexamethasone Affects Lymphocyte and 
Monocyte Count (Qualitative Effect) 

Fauci AS. Clin Exp Immunol 1976;24:54-62. 

 
Hydrocortisone 
 
 
 
Prednisone 
 
 
 
Dexamethasone 
 
 



Dexamethasone Compromises Survival of  
Glioblastoma Patients 

Pitter KL, Tamagno I, Alikhanyan K, et al. Brain 2016;139(5):1458-1471. 

 MSKCC   EORTC/NCIC                 GGN 

GGN (Gross Total Resection):  PFS    OS 



Immunosuppressant Everolimus Shortens 
Survival of Glioblastoma Patients 

           Progression Free Survival          Overall Survival 

Chinnaiyan P, Won M, Wen PY, et al. Neuro-Oncol 2018;20(5):666-673. 



Immunosuppressant Everolimus Attenuates 
Temzolomide Benefit During Radiotherapy 

Stupp R, Mason WP, van den Bent MJ, et al. N Engl J Med 2005;352(10):987-996. 
Chinnaiyan P, Won M, Wen PY, et al. Neuro-Oncol 2018;20(5):666-673. 

21.2 vs 16.5 months  

Δ = 4.7 months 

14.6 vs 12.1 months 

Δ = 2.5 months 



Separate Package Inserts for Everolimus from Pharma 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/022334s016lbl.pdf 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/021560s006lbl.pdf  

https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/022334s016lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/021560s006lbl.pdf


Potential Positive and Negative Factors 
Influencing Glioblastoma Patient Survival 

Stupp R, Mason WP, van den Bent MJ, et al. N Engl J Med 2005;352(10):987-996. 

IDH-1:           wild-type  mutated 

MGMT:        unmethylated  methylated 

TTFields:           not used   used 

Dexamethasone: used   not used 

mTOR inhibitors: used   not used 



Update on the Management of Malignant Gliomas 

• Tumor Treating Fields therapy was approved by the FDA for 
newly diagnosed glioblastoma patients in 2015. 

 

• Bevacizumab received final approval by the FDA for use in 
recurrent glioblastoma in 2017. 

 

• Checkpoint inhibitors offer no survival advantage to 
glioblastoma patients. 

 

• Dexamethasone interferes with treatments against 
glioblastoma. 

 

 



Clinical Trials Using Tumor Treating Fields  
for Brain Metastasis  

Wong ET, Mehta MP, Kanner AA, Ahluwalia MS.  Future directions for Tumor Treating Fields.  In Wong ET 
(Editor):  Alternating Electric Fields Therapy in Oncology: A Practical Guide to Clinical Applications of Tumor 
Treating Fields, Chapter 10, pp. 217-226, 2016.  



Clinical Trials Using Tumor Treating Fields  
for Systemic Malignancies 

Wong ET, Mehta MP, Kanner AA, Ahluwalia MS.  Future directions for Tumor Treating Fields.  In Wong ET 
(Editor):  Alternating Electric Fields Therapy in Oncology: A Practical Guide to Clinical Applications of Tumor 
Treating Fields, Chapter 10, pp. 217-226, 2016. 
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