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Primary & Metastatic Brain Tumors

DeAngelis LM. N Engl J Med 2001;344:114-123; Clouston PD, et al. Ann Neurol 1992;31:268-273. 





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



Pseudopalisading Necrosis is a Hallmark of 
Glioblastoma and where VEGF mRNA is Upregulated 

Plate KH, 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
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Checkpoint Inhibitors: Therapeutic Indications 
Ipilimumab Nivolumab Pembrolizumab Atezolizumab Durvalumab Avelumab
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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









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)



Temozolomide Has Proven Efficacy for 
Glioblastoma in Randomized Phase III Clinical Trial 

Stupp R, Hegi ME, Mason EP, et al. Lancet Oncol 2009;10:459-466.



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



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. 



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.



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)



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 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



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 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.



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



Dexamethasone Attentuates Personalized 
Neoantigen Vaccines in Glioblastoma

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



Update on the Management of Malignant Gliomas

• Temozolomide added to radiation has been the standard-of-care for 
newly diagnosed glioblastoma since 2005.

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

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

• Targeted therapy or checkpoint inhibitors offer no survival advantage 
to glioblastoma patients.

• Dexamethasone interferes with treatments against glioblastoma.



Stereotactic Radiosurgery for Brain Metastasis



SRS vs SRS + WBXT for Patients with 
1-3 Brain Metastases (60-70% NSCLC)

Brown PD, et al. JAMA 2016;316(4):401-409. 



SRS vs SRS + WBXT for Patients with 
1-3 Brain Metastases (60-70% NSCLC)

Brown PD, et al. JAMA 2016;316(4):401-409. 



Erlotinib for Brain Metastasis from 
Oncogene-Addicted NSCLC (EGFR Mutated)

Remon J, Besse B. Front Oncol 2018;8:88.



Erlotinib Induced Response in 
NSCLC  Retinal Metastasis 

Baseline 2 Months Later



Erlotinib Induced Response in 
NSCLC  Retinal Metastasis 

16 Months Later 19 Months Later



Osimretinib Induced Response in 
NSCLC Intramedullary Spinal Cord 

Metastasis 
Baseline 6 Months Later



Osimertinib for Brain Metastasis from 
Oncogene-Addicted NSCLC (ALK Rearranged)

Remon J, Besse B. Front Oncol 2018;8:88.



Management of Brain Metastases from 
Non-Small Cell Lung Cancer

• SRS is preferred for the preservation of neurocognitive 
function in patients with oligometastases.

• Whole brain radiotherapy is reserved for those with 
multiple brain metastases or poor performance status.

• Targeted therapy are becoming the first-line treatment 
in oncogene-addicted NSCLC patients with no or 
minimal symptoms
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