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Objectives

Describe the most common presenting symptoms for 
Gliomas.

Describe new molecular genetic markers that assist in 
defining glioma subtypes by the new WHO 2016 classification 
scale.

Outline the updated NCCN Guidelines for treatment of 
malignant gliomas.

 Identify novel treatments currently in clinical trials for gliomas 
including immune therapies and precision medicines.
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Incidence

 Central Brain Tumor Registry United States (CBTRUS) database
 62,930 new cases of malignant and non-malignant brain tumors in 2007
 Estimated 21,810 new cases of malignant CNS tumors in 2008, estimated deaths 13,070
 Relative risks:  1.38 Men vs Women
 3.18 Elderly vs Young adults
 1.86 Caucasian vs. African-American
 Malignant brain tumors (22,070 cases estimated in 2009) account for 1.42% of all primary 

malignant cancers in the US (American Cancer Society 2009) but account for a 
disproportionate share of cancer morbidity and mortality (CDC 2008).
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PRESENTATION OF GLIOMAS
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Presentation of a Brain Tumor

 1/3 Asymptomatic
 Generalized
 ICP, vasogenic edema
 Headaches, lethargy, nausea/vomiting, confusion
 Personality Changes

 Focal (or multi-focal)
 Seizures
 Hemiparesis
 Visual field deficits
 Aphasia
 Ataxia
 Etc.

Not one single 
pathognomonic 
presenting sign or 
symptom.
Look for clinical 
picture.
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Diagnosis

 Imaging
MRI with gad, (most sensitive)
 Perfusion
 Spectroscopy

CT: hypodense lesion (usually edema)
PET scan

Biopsy
Gold Standard 
Therapeutic potential (resection)
 (Post-op MRI 24-48 hours)
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Glioblastoma (WHO Grade IV)

Enhancing mass, cystic
components, variable necrosis 

T1 + gad

Highly cellular, pseudo-palisading
necrosis, microvascular prolif.

H&E

Median survival:  14 months
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MOLECULAR MARKERS AND 
CLASSIFICATION OF GLIOMAS
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Oligodendroglioma Mixed:
Oligoastrocytoma

Astrocytoma

Grade I, “benign” Pilocytic
Astrocytoma

Grade II, Low grade 
glioma (LGG)

Oligodendroglioma LGG 
oligoastrocytoma

Astrocytoma

Grade III, anaplastic Anaplastic
oligodendroglioma

Anaplastic 
oligoastrocytoma

Anaplastic
Astrocytoma

Grade IV GBM with oligodendroglia features GBM

Gliomas (previous classification)

Tumor cell of origin or differentiation sub-type
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New WHO Molecular Classification of Gliomas

WHO 2016
New classification of Primary Brain Tumors



OU Neurology

The Cancer Genome Atlas (TCGA)

Integrated Genomic Analysis Identifies Clinically Relevant Subtypes of Glioblastoma Characterized by Abnormalities in 
PDGFRA, IDH1, EGFR, and NF1

Cancer Cell Volume 17, Issue 1 2010 98 - 110

Presenter
Presentation Notes
TCGA = The Cancer Genome AtlasThe Cancer Genome Atlas (TCGA) is a comprehensive and coordinated effort to accelerate our understanding of the molecular basis of cancer through the application of genome analysis technologies, including large-scale genome sequencing. TCGA is a joint effort of the National Cancer Institute (NCI) and the National Human Genome Research Institute (NHGRI), two of the 27 Institutes and Centers of the National Institutes of Health, U.S. Department of Health and Human Services.Figure 2. Gene Expression Data Identify Four Gene Expression Subtypes(A) Using the predictive 840 gene list, samples were ordered on the basis of subtype predictions, and genes were clustered using the core set of 173 TCGA GBM samples.(B) Gene order from the TCGA samples was maintained in the validation data set (n = 260), which comprises GBMs from four previously published data sets.(C) Ordered gene expression for 24 xenograft samples. Samples are ordered on the basis of their predicted identity using the 840 gene list. Selected genes are displayed for each gene expression subtype. Also see Figure S3 and Table S3.Roel G.W.  Verhaak , Katherine A.  Hoadley , Elizabeth  Purdom , Victoria  Wang , Yuan  Qi , Matthew D.  Wilkerson , C. ...
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Molecular pathology in adult gliomas: diagnostic, 
prognostic, and predictive markers. Jansen M, Yip S, 
Louis DN, Lancet Neurol. 2010;9(7):717

Biomarkers

Important Biomarkers:
1p/19q co-deletion
IDH1/IDH2 mutation
MGMT methylation status
ATRX
H3K27M mutation

Secondary
EGFR vIII & EGFR alterations
cMet alterations
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Diffuse Astrocytoma

Anaplastic Astrocytoma

Oligodendroglioma

Anaplastic Oligodendroglioma

Oligoastrocytoma

IDH mutantIDH wild-type

Glioblastoma

1p, 19q co-deletion ATRX loss
TP53 mutations

IDH mutant

Glioblastoma, 
IDH-Wildtype

Anaplastic Oligoastrocytoma

IDH wild-type

Glioblastoma,
IDH mutant

Oligodendroglioma, IDH 
mutant, 1p19q co-deleted

Diffuse Astrocytoma, 
IDH mutant

Diffuse Astrocytoma,
IDH wild-type

Anaplastic Astrocytoma,
IDH wild-type

Anaplastic Astrocytoma,
IDH mutant

Anaplastic Oligodendroglioma, 
IDH mutant, 1p19q co-deleted
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Diffuse Astrocytoma, NOS
Anaplastic Astrocytoma, NOS

Oligodendroglioma, NOS
Anaplastic Oligodendroglioma, NOS

Glioblastoma, NOS

New WHO Molecular Classification of Gliomas
H3K27M mutation
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IDH
wild-type

IDH
mutated

IDH
wild-type

IDH
mutated

IDH mutations:  Better overall survival
Excellent prognostic marker 

(12% mutated)
Secondary GBM

(70% mutated)
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GBM Heterogeneity

Aum and Kim, et. al., Journal of Neurosurgery, 2014
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TREATMENT OF GLIOMAS
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Symptom management

Steroids (next slide)
AED’s
Stimulants
Anti-Depressants
Monitor for clots: hypercoagulable state 
Autonomic instability
Etc.
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Edema

 Steroids
 Vasogenic edema can cause/worsen symptoms
 Dexamethasone best choice

 Minimal mineralocorticoid effect
 Acute: 

 10 mg IV bolus
 4 mg IV q6hr

 Chronic:
 PO dosing, long half life

• Plasma: 2-4 hours, 
• Biological effect 36-54 hours

 Divide BID or TID
 Slow taper, changes q3 days, q7 days, or q2weeks

• Long tail, decreasing  only by 1 mg.

 Monitor symptoms to tailor therapy.
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Grade III Anaplastic Oligodedroglioma
Grade III Anaplastic Astrocytoma 
Grade IV Glioblastoma

Treatment
 Maximal resection
 Concurrent Radiation and Temodar
 Adjuvant Temodar

 Avastin at recurrence

Time frame
 Initial diagnosis
 ~6 weeks (IMRT)

 4 week cycles, plan for 12 cycles 
minimum

 IV infusion every 2 weeks
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The very small hole through which 
it was taken out.

Surgical Resection
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Gross Total Resection

 General principle:
 Cytoreduction
 Improve effectiveness of adjuvant 

therapy.
 Balance with excision of eloquent areas
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Gross Total Resection

>98%

<98%

20 40 60

Lacroix, et al, J Neurosurg. 2001 Aug;95(2):190-8.

Median Survival

Presenter
Presentation Notes
J Neurosurg. 2001 Aug;95(2):190-8.A multivariate analysis of 416 patients with glioblastoma multiforme: prognosis, extent of resection, and survival.Lacroix M, Abi-Said D, Fourney DR, Gokaslan ZL, Shi W, DeMonte F, Lang FF, McCutcheon IE, Hassenbusch SJ, Holland E, Hess K, Michael C, Miller D, Sawaya R.

http://www.ncbi.nlm.nih.gov/pubmed?term=Lang%20FF%5BAuthor%5D&cauthor=true&cauthor_uid=11780887
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Grade III Anaplastic Oligodedroglioma
Grade III Anaplastic Astrocytoma 
Grade IV Glioblastoma

Treatment
 Maximal resection
 Concurrent Radiation and Temodar
 Adjuvant Temodar

 Avastin at recurrence

Time frame
 Initial diagnosis
 ~6 weeks (IMRT)

 4 week cycles, plan for 12 cycles 
minimum

 IV infusion every 2 weeks
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GBM Treatment:  
Stupp protocol, 2005
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Radiation

Daily temozolomide
75 mg/m2

30 fractions
~60 Gy
IMRT

2-3 cm margin

temozolomide
200 mg/m2

5 of 28 day cycles
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GBM Treatment:  New Standard 2015/2017
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Radiation

30 fractions
~60 Gy
IMRT

2-3 cm margin

temozolomide
200 mg/m2

5 of 28 day cycles
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TTFields (Optune) – x24 months or progression

7 8 9 ~12

bevacizumab+ at 
progression

OS = 22.4 months

…

Daily temozolomide
75 mg/m2
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Stupp, R. et al. NEJM 2005

Standard Therapy:  Concurrent daily Temozolomide and 
Radiation + 6 cycles Temozolomide (5 of 28 days)

Stupp, et al, 2005, NEJM
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Alternating Electrical Field Treatment Device (Tumor 
Treating Fields = TTF)

NCCN: Level 1 evidence for initial treatment
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Alternating Electrical Fields – Mechanism of 
Action
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Alternating Electrical Fields – Mechanism of 
Action
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EF-14, Tumor Treating Field Therapy
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EF-14, Tumor Treating Field Therapy
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EF-14, Tumor Treating Field Therapy
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FDA Approved second-line treatment

bevacizumab
First line in recurrent Glioblastoma –

approved in 2009
 Initial responses:  ~60% 
More realistic: subgroups with short/long PRs
 Combinations:  +TMZ; +Irinotecan
 If recurs after bevacizumab: Highly migratory 

phenotype in the recurrent setting
 No change in Overall Survival
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bevacizumab

 Biological 
 VEGF inhibitor antibody
 Anti-angiogenic
 IV infusion
 10 mg/kg
 Every 2 weeks 
basically for rest of life
Or, stop if a complication arises

 If recurs after bevacizumab: Highly migratory & aggressive 
phenotype
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CLINICAL TRIALS AND OTHER 
ADVANCES
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Therapies in the Pipeline (old slide)

 Cancer Vaccines
DCVax (still waiting on final data)
HSPPC-96 vaccination (trial closed…)
EGFR vaccination, (Rindopepimut, failed Phase III)

 Oncolytic Virus
Duke:  PVS-RIPO (modified poliovirus)
MD Anderson: DNX2401

 Chemotherapy
OKN-007
TRC-105

 Higher Dose radiation and Proton Therapy
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New Therapies Pipeline

Bevacizumab plus INC-280 (cMET inhibitor)
CXCR4 inhibitor
REGN-2810 (PD-1 inhibitor) plus plasmid adjuvant
Niraparib – IDH1 and IDH2 mutations induce HRD
LITT plus chemo – opens BBB
OKN-007 plus TMZ (OKN opens BBB and overcomes 

TMZ resistance
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Clinical Trials
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BN-001: Dose Escalation of Photon vs. Proton 
Therapy
Standard dose Photon 60 Gy of radiation 
High dose Photon 75 Gy of radiation
Proton Therapy 

Results pending.  Proton Therapy arm still open
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RTOG 1205 – Recurrent Glioblastoma

Repeat radiation and bevacizumab
Bevacizumab, q2weeks
Radiation, 30 Gy in 15 fractions
Results still pending
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OKN-007,  Phase 1b (Nitrone compound)

 Recurrent GBM (heavily pre-treated)
 3x3 Dose escalation trial with modified expansion 

phase
 Results
 18 patients treated
 No DLT’s
Only possible AE’s: headache, increased BUN, 

generalized pain, nausea (n=1) 
 Partial response (n=2), stable disease (n=7), progressive 

disease (n=9).
Median PFS was 2.3  months, and median OS was 11.5 

months
 6 month PFS of 15.38% and 6 month OS of 77% with a 1 

year OS of 38%
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OKN-007,  Phase 1b

 Recurrent GBM (heavily pre-treated)
 3x3 Dose escalation trial with modified expansion 

phase
 Results
 18 patients treated
 No DLT’s
Only possible AE’s: headache, increased BUN, 

generalized pain, nausea (n=1) 
 Partial response (n=2), stable disease (n=7), progressive 

disease (n=9).
Median PFS was 2.3  months, and median OS was 11.5 

months
 6 month PFS of 15.38% and 6 month OS of 77% with a 1 

year OS of 38%

Additional salvage chemotherapy after bevacizumab failure was given to 19 
patients. The median progression-free survival (PFS) among these 19 patients 
was 2 months, the median OS was 5.2 months, and the 6-month PFS rate was 0%.

Neurology® 2009;73:1200–1206
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OKN-007 & TMZ & Radiation

Feasibility Pilot Study of OKN-007 in Combination 
with Adjuvant Temozolomide Chemoradiotherapy in 
Patients with Newly Diagnosed Glioblastoma
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New OKN-007 trial: Schema

Cohort B:

Cohort A: 
RT 60 Gy, 30 fractions
OKN-007, IV, 
3 times per week;
TMZ, PO, QD, 42 days
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New Therapies – Precision Medicine

PARP inhibitors
BGB-290-104
Niraparib

PI3K inhibitors
GDC-0084
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BGB-290-104 STUDY
CNS-26

A Phase 1b/2 study to assess the safety, 
tolerability and efficacy of BGB-290 in 

combination with radiation therapy and/or 
temozolomide in subjects with first-line or 

recurrent/refractory glioblastoma
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Different Biological PARP Functions

Sonnenblick et al Nat Rev Clin Oncol 12:27-41 (2015)

PARP 3
PARP 1, 2, 5 & 6

PARP 1, 5 &6

PARP 1, 2 & 3

v1.1 14Jun2017

Presenter
Presentation Notes
Different biological functions of the PARP family of proteins: DNA repair via the BER pathway; transcriptional regulation; telomere maintenance; mitotic spindle formation during cell division; and cell death. NHEJ= non-homolgous end joining.
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BGB-290-104 Study Design

v1.1 14Jun2017

Patients with GBM 
diagnosis

1. Initial diagnosis
2. Recurrent GBM
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Niraparib Trial, Recurrent Glioma

PARP inhibitor, monotherapy
Any recurrent glioma (Grade II-IV)
Dose escalation
3 dose levels
6 patients each, with expansion phase

Will be tracking IDH mutation status and LOH status 
(HRD), (potential for increased response).
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Accumulation of 2-Hydroxyglutarate (2HG) 
due to IDH mutation produces HRD

Choi, et al, Nat Med 2012

Presenter
Presentation Notes
Dang et al.  Nature  462, 739 (Dec 2009)GliomaWard et al.  Cancer Cell  17, 225 (March 2010)Acute Myelogenous Leukemia
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GDC-0084

A phase 2a study to evaluate the safety, 
pharmacokinetics and clinical activity of the PI3K/mTOR
inhibitor GDC-0084 administered to patients with 
glioblastoma multiforme characterized by unmethylated 
O6-methylguaninemethyltransferase promoter status 
 Initially diagnosed GBM, MGMT unmethylated, can 

screen up to the end of radiation and Temodar.
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GDC-0084

Nonclinical studies have demonstrated that GDC-0084 
inhibits proliferation of a large number of glioma cell lines 
in vitro and inhibits tumor growth in intracranial and 
subcutaneous mouse xenograft models of human 
glioblastoma. 
PI3K can promote tumor cell growth and 

migration/invasion of tissue
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New Therapies – Immunotherapy

Checkpoint Inhibitors
Checkmate – recurrent treatment failed

Vaccines
Rindopepimut – failed

New studies with combination therapies
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CNS-28  (GBM-001)
AN OPEN-LABEL, MULTI-CENTER 
STUDY OF INO-5401 AND INO-9012 
DELIVERED BY ELECTROPORATION 
(EP) IN COMBINATION WITH REGN2810
IN SUBJECTS WITH NEWLY-
DIAGNOSED GLIOBLASTOMA (GBM)

REGN2810 = cemiplimab
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Treatment

• INO-5401 (3 mg of each WT-1, PSMA and hTERT plasmids) 
combined with 1 mg INO-9012, (total 10 mg of DNA) IM injection 
followed by EP given every three weeks for four doses, then every 
9 weeks; and

• REGN2810 (cemiplimab) (350 mg/dose IV every three weeks)

• Radiotherapy (RT), given in a hypofractionated schedule (40 Gy
over three weeks)

• Temozolomide (TMZ) concurrent with and following radiotherapy 
for 6 cycles, initially for all subjects and the remaining cycles for 
MGMT-methylated or indeterminate status
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MOLECULAR DISCOVERIES 
APPLICATIONS IN GLIOMA
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Sequencing of GBMs led to the discovery of mutations in Isocitrate 
Dehydrogenase (IDH)



OU NeurologyYan et al, NEJM 2009
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Accumulation of 2-Hydroxyglutarate (2HG)
2HG can be imaged by MR spectroscopy

Cho, Cr, NAA

2HG 
Glutamate 
Glutamine 

GABA 
myo-Inositol 

Lactate 

2.0   ppm2.53.03.54.0

Cho

Cr NAA
Gln

Glu
2HG

Choi, et al, Nat Med 2012

Presenter
Presentation Notes
Dang et al.  Nature  462, 739 (Dec 2009)GliomaWard et al.  Cancer Cell  17, 225 (March 2010)Acute Myelogenous Leukemia
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SORT OF…
QUESTIONS…

THE END
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