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Glioblastoma

• Most common primary brain tumor in adults 
• Approx. 20,000-30,000 cases yearly in the US
• Median OS 14-16 months with standard of care

EJ Mun et al. CCR. Jan 2018. DOI: 
10.1158/1078-0432.CCR-17-1117



Advancement in Oncology

Molecular characterization

Vaccines

Targeted therapies
Immune checkpoint inhibitors 

Personalized approach

100s of failed GBM trials



Stumbling Blocks in Neuro-Oncology

Intra-tumoral heterogeneity

Compensatory signalingUnique CNS microenvironment

Blood brain barrier

100s of failed GBM trials
Blood CSF barrier



• Biopsy
• IMRT

• Treatment effect 
• Stopped RT early 
• Stopped TMZ a few days early

• Severe ”pressure waves”

• 01/21/18 debulking

11/13/17 pre RT 12/8/17 1/5/18 1/20/18 1/22/18

54 yo man with MGMT methylated GBM



2/12/18 12/22/18

54 yo man with MGMT methylated GBM



   • Patient 1

• Patient 2

• Both GBM s/p GTR, RT+TMZ, adj TMZ, increased perfusion

GBM with increased perfusion



   • Patient 1: MGMT promotor umethylated         

• Patient 2: MGMT promotor methylated   
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Case: Patient KC

September 2018
• Elbowed in the head  Progressive headache
• Headache worse with position change

+ Dizziness, nausea & vomiting, blurry vision, 
photophobia, phonophobia, weakness & 
paresthesia of UEs

CT head 



40 yo woman with L frontal lesion

Pre-operative MRI Post-operative MRI 



Initial Diagnosis: Oligodendroglioma
FINAL REPORT AFTER MOLECULAR RESULTS
I. BRAIN TUMOR: The specimen is received fresh for frozen 
section and consists of soft pale pink and red tissue aggregating 
0.6 x 0.6 x 0.3 cm. One touch prep and one frozen section are 
submitted and the diagnosis by Dr. Wang and Dr. Kim is "high-
grade glioma, favor GBM".

II. BRAIN TUMOR: The specimen consists of pieces of soft pink 
and red tissue aggregating 2 x 1.5 x 0.8 cm. One of the pieces is 
pale white and firm. It measures 1.4 x 0.8 x 0.8 cm. ES as A-B.

MICROSCOPIC EXAMINATION:  

The final diagnosis of each specimen incorporates the microscopic 
examination findings.

DIAGNOSIS:

I. Brain tumor, craniotomy:

 1. Malignant glioma.
 2. Pending IHC and molecular studies. See comment.

II. Brain tumor, craniotomy:

 1. Malignant glioma.
 2. Pending IHC and molecular studies. See comment.

COMMENT: Differential diagnosis includes small cell glioblastoma 
versus anaplastic oligodendroglioma. Anaplastic 
oligodendroglioma is favored.

IGH 1/2, 1p/19q, TP53, MGMT are ordered and will be reported in 
an addendum.

SUPPLEMENTAL A:
MOLECULAR RESULTS:
1p36 deletion: Detected.
19q13 deletion: Detected.
IDH1/IDH2 mutation: Not detected.
IDH1 mutation: Not detected.
IDH2 mutation: Not detected.
TP 53 mutation: Not detected.
MGMT Gene Promoter Methylation: Detected.

-Percent of MGMT methylation: 12.54%.

COMMENT: Anaplastic oligodendroglioma (1p/19q deleted, IDH 
wild type) is favored based on the histology and molecular studies.

Anaplastic oligodendroglioma (1p/19q deleted, IDH wild type) 
is favored based on the histology and molecular studies.



Oligodendroglioma: Basics

• Infiltrating diffuse glioma
• Approx. 1000 oligodendrogliomas diagnosed per year in US
• 5% of adult gliomas, 0.5% of all primary CNS tumors
• Most has seizure at the time of presentation 
• Most are diagnosed between age 25-45 

• Anaplastic = WHO grade 3, Median survival 15 years 



Oligodendroglioma: PCV vs Temozolomide



L Frontal Oligodendroglioma Treatment
DIAGNOSIS: L frontal Oligodendroglioma

9/2018

RESECTION

RADIATION 59.4 Gy

2ND OPINION

6/20191/2019

PCV x 3 CYCLES

MYELOSUPPRESSION



Second Opinion: History & Imaging
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Weekly episodes of inability to speak x 5-10 
minutes x 6 months  SEIZURES

Not included in the RT treatment field
Additional non-enhancing lesion



Molecular Focus in WHO Classifications

2016: Revised 4th 
Edition 2021: 5th Edition2007: 4th Edition

Histopathology 
vs 

Molecular Diagnoses

1979: 1st edition, 1993: 2nd edition, 2000: 3rd edition 



WHO 2016 Update: Oligodendroglioma



Initial Diagnosis: Oligodendroglioma??
FINAL REPORT AFTER MOLECULAR RESULTS
I. BRAIN TUMOR: The specimen is received fresh for frozen 
section and consists of soft pale pink and red tissue aggregating 
0.6 x 0.6 x 0.3 cm. One touch prep and one frozen section are 
submitted and the diagnosis by Dr. Wang and Dr. Kim is "high-
grade glioma, favor GBM".

II. BRAIN TUMOR: The specimen consists of pieces of soft pink 
and red tissue aggregating 2 x 1.5 x 0.8 cm. One of the pieces is 
pale white and firm. It measures 1.4 x 0.8 x 0.8 cm. ES as A-B.

MICROSCOPIC EXAMINATION:  

The final diagnosis of each specimen incorporates the microscopic 
examination findings.

DIAGNOSIS:

I. Brain tumor, craniotomy:

 1. Malignant glioma.
 2. Pending IHC and molecular studies. See comment.

II. Brain tumor, craniotomy:

 1. Malignant glioma.
 2. Pending IHC and molecular studies. See comment.

COMMENT: Differential diagnosis includes small cell glioblastoma 
versus anaplastic oligodendroglioma. Anaplastic 
oligodendroglioma is favored.

IGH 1/2, 1p/19q, TP53, MGMT are ordered and will be reported in 
an addendum.

SUPPLEMENTAL A:
MOLECULAR RESULTS:
1p36 deletion: Detected.
19q13 deletion: Detected.
IDH1/IDH2 mutation: Not detected.
IDH1 mutation: Not detected.
IDH2 mutation: Not detected.
TP 53 mutation: Not detected.
MGMT Gene Promoter Methylation: Detected.

-Percent of MGMT methylation: 12.54%.

COMMENT: Anaplastic oligodendroglioma (1p/19q deleted, IDH 
wild type) is favored based on the histology and molecular studies.

Anaplastic oligodendroglioma (1p/19q deleted, IDH wild type) 
is favored based on the histology and molecular studies.

CHROMOSOMAL MICROARRAY: 
NO EVIDENCE OF 1p19q CODELETION 



Second Opinion: Diagnosis Review

GLIOBLASTOMA, IDH-WILD TYPE, WHO GRADE 4

• IDH1 and IDH2 wildtype
• ATRX retained
• MGMT promoter methylated



Glioblastoma, WHO grade 4

• More common in older adults age > 45 
• 10 times more common than Grade 2 & 3 oligo combined
• MEDIAN survival 24 months for MGMT methylated

EJ Mun et al. CCR. Jan 2018. DOI: 
10.1158/1078-0432.CCR-17-1117

60 Gy



Multifocal Glioblastoma Treatment
DIAGNOSIS: L frontal Oligodendroglioma

9/2018

RESECTION

RADIATION 59.4 Gy

DIAGNOSIS: Multifocal Glioblastoma
                      MGMT promoter methylated

6/20191/2019

PCV x 3 CYCLES

MYELOSUPPRESSION 9/2019 9/2020

TEMOZOLOMIDE x 12 CYCLES

10/2023 Stable MRI brain (5+ years from diagnosis)



Radiographic response

9/2020 9/2021 9/2022
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Target: IDH mutation

• Low grade IDH mutated glioma
• > 1 year, < 5 year from surgery
• No prior tumor directed therapy



Voracidenib vs Placebo

• N=331 (vorasidenib N=168, placebo N=163) 
• PFS 27.7 months vs 11.1 months (HR 0.39, p<0.001)
• Time to next intervention NR vs 17.8 months (HR 0.26, p<0.001)

Presenter Notes
Presentation Notes
Results: A total of 331 patients were assigned to receive vorasidenib (168 patients) or placebo (163 patients). At a median follow-up of 14.2 months, 226 patients (68.3%) were continuing to receive vorasidenib or placebo. Progression-free survival was significantly improved in the vorasidenib group as compared with the placebo group (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). The time to the next intervention was significantly improved in the vorasidenib group as compared with the placebo group (hazard ratio, 0.26; 95% CI, 0.15 to 0.43; P<0.001). Adverse events of grade 3 or higher occurred in 22.8% of the patients who received vorasidenib and in 13.5% of those who received placebo. An increased alanine aminotransferase level of grade 3 or higher occurred in 9.6% of the patients who received vorasidenib and in no patients who received placebo.Panel A shows the Kaplan–Meier plot of the probability of imaging‐based progression‐free survival as assessed by blinded independent review among patients randomly assigned to the vorasidenib group as compared with those randomly assigned to the placebo group (full analysis set). The median time to disease progression or death is shown. Panel B shows the Kaplan–Meier plot of the probability of receipt of a next anticancer treatment or death among patients randomly assigned to the vorasidenib group as compared with those randomly assigned to the placebo group. The median time to the receipt of the next anticancer treatment is shown. In both panels, tick marks indicate cen‐ sored data. 



Expanded Access Program: Voracidenib



IDH Inhibitor: Safusidenib Phase 2 Trial



Patient CB

26 yo woman
• Headache
• Nausea
• Vomiting
• Diplopia



WHO Criteria Change

Louis, D.N., Perry, A., Reifenberger, G. et al. The 2016 World Health Organization 
Classification of Tumors of the Central Nervous System: a summary. Acta 
Neuropathol 131, 803–820 (2016). https://doi.org/10.1007/s00401-016-1545-1

Diffuse Midline Glioma, H3 K27M-mutant



Patient CB



Tumors with H3K27M mutation

“One of these patient had a durable 
response with a secondary 

glioblastoma possessing a H3.3 
K27M mutation, exhibiting 

regression by 85% in one lesion and 
76% in the second lesion”



What’s ONC201?

• Selective DRD2 antagonist
• Akt/ERK inhibitor
• Inactivates prosurvival signaling 
• Activates apoptosis pathway 

• Water soluble, penetrates BBB
• PO route
• Preclinical efficacy in aggressive malignancy

Figure 1.3 Proposed model of ONC201 in tumor cells. 

Presenter Notes
Presentation Notes
ONC201 is a selective antagonist of the G protein-coupled receptor DRD2 that was identified through a phenotypic screen as a p53-independent small molecule inducer of TRAIL gene transcription in tumor cells. A series of gene expression profiling and cell signaling investigations have unraveled signaling pathways that are engaged in tumor cells following ONC201 treatment. Downstream of target engagement, ONC201 activates the integrated stress response (ISR), which is the same signaling pathway activated by ER stress-inducing compounds such as proteasome inhibitors (e.g. bortezomib). When the ISR is activated by ER stress-inducing compounds, the pathway is often referred to as the ER stress response. ONC201 causes an early-stage increase in the phosphorylation of eIF2-alpha at serine 51, which results in attenuation of protein translation and upregulation of the transcription factor ATF4 (Figure 1.3). ATF4 upregulates CHOP, which is also a transcription factor that regulates several apoptosis-related genes such as the TRAIL-receptor DR5. ATF4 and CHOP upregulate expression of TRB3, which interacts directly with Akt to decrease its kinase activity. TRB3 also serves as a scaffold protein in the MAPK signaling pathway that can negatively regulate this pathway. Decreased levels of phospho-MEK, -ERK, and -Akt have been documented in response to ONC201. The decreased ERK and Akt kinase activity results in less phosphorylated Foxo3a, which is a transcription factor that regulates both the TRAIL and DR5 genes. Dephosphorylated Foxo3a undergoes nuclear translocation and activation in response to ONC201. In summary, ONC201 inhibits DRD2 to cause downstream activation of ATF4, which causes induction of genes that lead to apoptosis. DRD2 antagonism also downregulates Akt and ERK activity to cooperatively induce complementary downstream apoptotic effects. ONC201 may not activate eIF2-alpha through PERK. This distinct mechanism may explain the lack of cross-resistance between ONC201 and other ER stress-inducing agents such as bortezomib. In addition, ONC201 has enhanced antitumor efficacy in combination with bortezomib that may be explained by engaging parallel stimuli that lead to an enhanced activation of the ISR in tumor cells.ONC201 has been reported to decrease the phosphorylated active forms of the oncogenic kinases Akt, MEK, and ERK. The decreased phosphorylation of Akt and ERK causes decreased kinase activity, leading to dephosphorylation of its substrates that include the mutual substrate Foxo3a [9]. ONC201-induced effects on these signaling pathways have been demonstrated in several tumor types in vitro with diverse genetic mutations in p53, KRAS, PTEN, and others. Targeting the Ras signaling pathway, which includes two arms ending at the effector kinases Akt and ERK, has been an unattainable therapeutic goal for decades [6]. Ras and its upstream activating receptors such as EGFR are very commonly activated in human cancer through mutations, amplification, or other mechanisms. This critical signaling pathway transduces stimulus signals from the extracellular environment into the nucleus to regulate genes that drive survival and proliferation. While the field widely accepts the enormous impact that inhibiting Ras would have in oncology, directly targeting Ras in tumors has not been performed successfully in the clinic. The challenge underlying this absence lies in the fact that Ras is a GTPase rather than a routinely drugged class of proteins such as a kinase. Nevertheless, targeting effector kinases downstream of Ras have been vigorously pursued in recent years as a chemically viable strategy by combining small molecule PI3K/Akt inhibitors with MEK/ERK inhibitors. While the dual inhibition of these pathways is widely reported to be synergistic it is plagued by toxicity and other limitations [4, 5, 7]. This combinatorial approach has several efficacy-limiting shortcomings that include toxicity [8] as these kinases are important for several physiological processes, compounding toxicity, drug-drug interactions, and the need for synchronous delivery to tumors. In contrast to Akt and MEK inhibitors, ONC201 inactivates Akt and ERK indirectly in tumor cells while these kinases are uninhibited in normal cells. The lack of dual inhibition in normal cells means that ONC201 does not induce death of normal cell , allowing ONC201 to be safe at efficacious doses in cancer models in vitro and in vivo [1]. The inhibition of Akt and ERK in cancer cells is sustained following drug removal, maintained in the face of upstream mutations (e.g. KRAS), and is independent of upstream ligand stimulation (e.g. EGF). Furthermore, the ability of ONC201 to inhibit these two kinases as a single molecule results in concomitant dual inactivation that yields synergistic efficacy and also eliminates complications with combination therapy such as compounding toxicity and drug-drug interactions. Recent gene expression profiling studies in solid and liquid tumor cell lines revealed transcriptome changes consistent with induction of the ER stress response. Subsequent experiments validated that ONC201 activated the pro-apoptotic arm of ER stress in cancer cells, which is also activated by proteasome inhibitors. CHOP is a pro-apoptotic transcription that is induced as a critical effector of the maladaptive apoptotic ER stress response. Robust induction of CHOP expression in response to ONC201 treatment has been observed in multiple models in a response- and time-dependent manner. ER stress may be linked to prior observations related to Akt and ERK signaling in solid tumor cells with ONC201 treatment, as previously reported with ER stress-inducing compounds. Based on these findings, CHOP, pERK, pAkt, TRAIL, and DR5 should be evaluated for clinical utility as biomarkers in patients receiving ONC201 treatment.  



ONC201 for H3K27M mutated gliomas



Tumors with H3K27M mutation
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Setting the Goals
Preclinical vs. Clinical Research

Presenter Notes
Presentation Notes
Determine if a new way is safe / feasible / effective / betterDetermine if an existing treatment can be used for a different purposeCompare existing treatments Reviewed and Monitored by Institutional Review Board (IRB)Ethical considerations Safety Feasibility CostStudy integrity Compliance Reviewed and Monitored by Data Safety Monitoring Committee / Board



Microdosing
Phase 0

Non-Surgical 
Phase 1/2/3

Tissue-Based Trialing Often Precedes or Coincides with Phase 1/2
‘Humanizing’ the Animal Model



SCREENING 
& ACCRUAL

EXPOSURE

RESECTION CAP/CLIA 
PK-TRIGGER EXPANSION PHASE

THERAPY

Niraparib plus Radiotherapy in Newly-Diagnosed Glioblastoma (NCT05076513)
Phase 0/Expansion Trial Design

Sanai; SNO 2022
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The web of brain tumor diagnosis
Patient

Caregiver

Neuro-Onc

Rad-Onc

Radiology

Pathology Other 
providers

Med-Onc

• Surgical approach
• Maximally safe tumor removal
• Trial considerations

Neuro symptoms?
Brain mets?

PCP
Neurologist
ED

Mapping team

DDx
Surgical planning

NSGNSG

DDx

Med-Onc

Other 
providers

Radiology

Neuro-Onc
Intra-op imaging



The web of brain tumor treatment

Neuro-Onc

Rad-Onc

Radiology

Pathology Other 
providers

Med-Onc

• Intra-op diagnosis
• Histology
• Molecular phenotypes
• NGS

NSG

Tumor heterogeneity

• Toxicity mgt
• Symptom mgt

Radiation

Systemic therapyRe-resect/Bx
• Diagnostic
• Therapeutic

Med-Onc

Other 
providers

Neuro-Onc

Pathology

Patient
CaregiverNon-invasive tools 

Radiology

NSG

Rad-Onc

Imaging / clinical review



Ivy Brain Tumor Clinical Team
Neurosurgery Radiation Oncology Neuro-Oncology

• Biopsy, Resection
• Post-operative matters

• Radiation
• Post-radiation matters 

• Chemotherapy
• MRI follow ups

• Seizures
• Goals of Care



Clinical Trials at Ivy Brain Tumor Center
Clinical Trial: Phase Gliomas Meningioma BMGBM G4 G3 G2 H3K27M
Radiotherapy planning using fluciclovine PET 2 N
Pamiparib in newly diagnosed and recurrent GBM 0/2 N/R
AZD1390 in recurrent and newly diagnosed grade 4 glioma 0/1b N/R N/R
Niraparib in newly diagnosed and recurrent grade 2-4 glioma 0 N/R N/R N/R N/R
Sonodynamic therapy in recurrent GBM 1/2 R
Abemaciclib plus LY3214996 in recurrent GBM 0 R
DSC-MRI for recurrent GBM 3 R
Sonodynamic therapy in recurrent HGG 0 R R R
BDTX-1535 in recurrent HGG with EGFR alterations or fusions 0/1 R R R
Superselective intra-arterial cerebral infusion of temsirolimus in recurrent 
HGG 0 R R R

Safusidenib (AB-218) in recurrent or progressive IDH1 mutant glioma 2 R
ONC201 in newly diagnosed H3 K27M-mutant diffuse glioma 3 N
Abemaciclib in newly diagnosed grade 3 meningioma 2 N (G3)
Radiation therapy vs. observation for newly diagnosed meningioma 3 N (G2)
SMO/AKT/NF2/CDK inhibitors in progressive meningioma 2 R
Stereotactic radiosurgery in brain metastases 3 N/R

N=new, R=recurrent / progressive, G=Grade

Presenter Notes
Presentation Notes




Thank you

Ivy Brain Tumor Center: 

602-406-8605 

Info@ivybraintumorcenter.org
www.ivybraintumorcenter.org

Barrow Neuro-Oncology Clinic

602-406-2800

Questions: Yoshie.Umemura@IvyBrainTumorCenter.Org
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