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Biomarker-Driven, Targeted-Inhibitor 
Therapies in Neuro-Oncology: What 

Are We Missing?
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Properties of Optimal Targeted Inhibition in CNS Tumors
Driver :  cr i t ica l to tumor in i t ia t ion or 
maintenance
Tumor-Specific :  se lect ive ly a l tered in tumor and 
not normal cel ls
Druggability :  gene product is  access ib le to 
inhib i tors
Essential for Survival :  dependence on al tered 
gene product for survival or prol i ferat ion
Low Redundancy :  few compensatory pathways 
to develop res is tance
Blood-Brain/Tumor Barrier Penetration :  
inhib i tors ef fect ive ly cross from bloodstream 
without excess exclus ion or expuls ion
Detectable Biomarker :  a l terat ion is  easi ly and 
re l iably detected by molecular d iagnost ics

Assessment of Potential Targets

Driver Tumor-Specific Druggability Essential
Low Redundancy BBB Penetration Detectability
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Genes of Interest for Targeted Therapies
Assessment of Potential Targets

Targets Driver Specific Druggable Essential Redundancy BBB Detection

IDH1/2 Yes Low-Grade 
Gliomas

+ (Cytosol, 
Mitochond)

Yes, Early 
and Mid

Medium Inhibitor 
dependent

IHC, NGS

BRAF V600E Yes Low-Grade 
Gliomas and 
Gliomaneuronal

+ (Cytosol) Yes, Early 
and Mid

Medium Inhibitor 
dependent

IHC, NGS

BRAF Fusion Yes Low-Grade 
Gliomas and 
Gliomaneuronal

+ (Cytosol) Yes, Early 
and Mid

Medium Inhibitor 
dependent

RNAseq

H3F3A/
EZH2

Yes High-Grade 
Gliomas

+ (Nuclear) Maybe Low Inhibitor 
dependent

IHC, NGS

NTRK Fusion Yes High-Grade 
Gliomas

+ (Cytosol) Maybe Medium Inhibitor 
dependent

RNAseq

FGFR::TACC Yes High-Grade 
Gliomas

+ (Cytosol) Maybe Medium Inhibitor 
dependent

RNAseq

EGFRvIII Yes GBM ++ (Cell 
Surface)

No High Inhibitor 
dependent

NGS
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IDH Mutant (IDHm) Gliomas: A Molecularly Unifying Set of Diagnoses

Imaging: Radiopaedia.org.
Immunohistochemistry: PathologyOutlines.com.

Oligodendroglioma Astrocytoma Grade 4 Astrocytoma
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IDHm Gliomas: From Recognition to Treatment

Info and Top Figure: Yan et al. (2009) NEJM
Info and Bottom Figure: Han et al. (2020) Br J Cancer



2025 Debates and Didactics in Hematology and Oncology 

Biochemical Mechanism of Oncogenesis in IDHm

Liu et al. (2020) Curr Opin Chem Biol
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FDA Approves First Targeted Therapy for IDHm Gliomas
IDH Mutated CNS Tumors

Timeline: Rudá et al. (2024) Nat Rev Neurol
Kaplan-Meier: Mellinghoff et al. (2023) NEJM

•Based on promising 
interim Phase 3 data, 

vorasidenib 
approved to treat 
grade 2, non-
enhancing IDH 
mutant gliomas

PFS Time to Next Treatment
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Controversy 1: IDHm Inhibitor Use in Enhancing Gliomas

Lanman et al. (2025) Neuro-Oncology Advances

Median % 
Change: -
7.35%

Median % 
Change: 
+78.84%

PFS OS
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Controversy 2: IDHm Inhibitor in Grade 3 or 4 Gliomas

Lanman et al. (2025) Neuro-Oncology Advances

All Participants Non-Enhancing Participants
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Overcoming Resistance to IDHm Inhibitor

Lin et al. (2024) NPJ Precision Oncology
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BRAF-Altered CNS Tumors: A Diverse Group of Tumors
BRAF-Altered CNS Tumors

Imaging: Radiopaedia.org.
Immunohistochemistry: PathologyOutlines.com.

PXA Ganglioglioma Pilocytic Astrocytoma
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BRAF Alterations Drive Oncogenesis and are Targetable
BRAF-Altered CNS Tumors

Adapted from Capogiri et al. (2023) Front Oncol and Smiech et al. (2020) Genes (Basel) 

Class I Class II

*

*

*
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Dual RAF/MEK Inhibition for Class I (V600E) BRAF Mutations

•Study in pediatric patients 
(ages 1-17) without any 
previous treatment
—Vs 

Carboplatin/Vincristine
•Primary endpoint: overall 
response rate
•Toxicity (Grade ≥3)
—47% (dual inhibitor) vs 

94% (chemotherapy)
•FDA approved 
dabrafenib/trametinib 
combination in 2023

BRAF-Altered CNS Tumors

Cartoon: Smiech et al. (2020) Genes (Basel) 
Trial: Bouffet et al. (2023) NEJM

*

*
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Parallel BRAF/MEK Trials in Adults with BRAF Class I Mutations

•Basket trial of CNS tumors with V600E 
mutation for adult patients
•Primary endpoint: overall response 
rate
—Low-Grade Glioma: 69%
—GBM: 31%
—High-Grade Glioma: 33%

•Toxicity (Grade≥3) was 53% across 
all cohorts
—Primarily fatigue, neutropenia

•FDA approved for adult CNS tumors in 
2022

BRAF-Altered CNS Tumors

Cartoon: Smiech et al. (2020) Genes (Basel) 
Trial: Wen et al. (2022) Lancet

*

*
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First Class II BRAF-Inhibitor Proves Effective Against Mutant and Fusions
•Enrolled 6-month to 25-year-
old patients with relapsed 
BRAF-altered low-grade 
gliomas fai l ing ≥1 prior 
therapy
•Primary endpoint: overall 
response rate
•Toxici ty Grade ≥3: 42%
—Primari ly developmental
—7% tumor hemorrhage

•FDA approved in pediatr ic 
low-grade gliomas in 2024
—However, many insurers wil l  

approve in adult  BRAF-altered 
CNS tumors

BRAF-Altered CNS Tumors

Trial: Kilburn et al. (2024) Nat Med
Cartoon: Smiech (2020) Genes (Basel)

Overall response rate RANO-HGG RANO-LGG
BRAF fusion 41% 33%
BRAF mutation 50% 58%
Prior MAPKi 71% 51%
MAPKi naïve 61% 55%

*
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Controversy 1: Long-Term Treatment and Drug Holidays

MRI Case Series: Bazer et al. (2024) Neurooncol Pract
Figure Case Series: Inoue et al. (2024) Sure Neurol Int
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Controversy 2: Epithelioid Glioblastoma Treatment Sequence

Table: Xi et al. (2024) Int J Cancer
Case Radiology: Kanemaru et al. (2019) Acta Neuropathology Commun
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Overcoming Resistance to BRAF Inhibitor Therapy

• Strategies in development include:
• Receptor tyrosine kinase and 

pathway inhibition
• PI3K/AKT inhibition
• Immunotherapeutics
• New small molecule inhibitors

Capogiri et al. (2023) Front Oncol
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Take-Home Points
1. FDA-Approved Targeted inhibitor therapies are emerging for CNS tumors, primarily 
of the lower-grade variety
2. Targeted therapies tend to be cytostatic rather than cytotoxic, and progression is 
not uncommon
3. Targeted inhibitors tend to perform better when used earlier and in tumors of lower 
grade

•More so for IDH-directed therapies than BRAF-directed therapies
4. IDH-mutant inhibitors are only indicated for Grade 2 gliomas

•Research into higher grades, either as mono- or combination therapy, are ongoing
5. BRAF inhibitors can be considered in any BRAF-altered CNS tumor

•Pay attention to type of BRAF-alteration as not all agents are effective
6. Mechanisms of resistance are sti l l unknown and being explored, and strategies to 
enhance or capitalize on resistances need to be developed

Conclusion
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