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Disclosures

| have no financial disclosures

* Recently primary investigator on clinical trials supported by Merck, Bristol-
Myers Squibb, and Chimerix/Jazz

*| will be discussing, and will explicitly identify:
—FDA-approved treatments with primary CNS tumor indications
—FDA-approved off-label treatments under investigation
—Experimental therapies currently in clinical trials
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Outline

* Assessment of Potential Targets in CNS Tumors

* Primary CNS Tumors with Inhibitor Targets:
—IDH-Mutated Tumors
—BRAF-Altered Tumors

* Challenges of Targeted Therapies in Primary CNS tumors

e Future Directions
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Properties of Optimal Targeted Inhibition in CNS Tumors

Driver: critical to tumor initiation or
maintenance

Tumor-Specific: selectively altered in tumor and

not normal cells

Druggability: gene product is accessible to

inhibitors

Essential for Survival: dependence on altered
gene product for survival or proliferation

Low Redundancy: few compensatory pathways
to develop resistance

Blood-Brain/Tumor Barrier Penetration:
inhibitors effectively cross from bloodstream
without excess exclusion or expulsion

ker:

reliably detected by molecular diagnostics

m Driver m Tumor-Specific = Druggability m Essential
m Low Redundancy = BBB Penetration m Detectability
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Genes of Interest for Targeted Therapies

IDH1/2 Low-Grade + (Cytosol, Yes, Early Medium Inhibitor IHC, NGS

Gliomas Mitochond) and Mid dependent
BRAF V600OE Yes Low-Grade + (Cytosol) Yes, Early Medium Inhibitor IHC, NGS
Gliomas and and Mid dependent

Gliomaneuronal

BRAF Fusion RS Low-Grade + (Cytosol) Yes, Early Medium Inhibitor RNAseq
Gliomas and and Mid dependent
Gliomaneuronal

H3F3A/ nhibitor

EZH2 Gliomas dependent
NTRK Fusion pEE High-Grade + (Cytosol) Maybe Medium Inhibitor RNAseq
Gliomas dependent
FGFR::TACC J\(5 High-Grade + (Cytosol) Maybe Medium Inhibitor RNAseq
Gliomas dependent
Yes GBM ++ (Cell No High Inhibitor NGS
Surface) dependent
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IDH Mutated CNS Tumors

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

Oligodendroglioma Astrocytoma Grade 4 Astrocytoma
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IDH Mutated CNS Tumors

IDHm Gliomas: From Recognition to Treatment
* Discovery of IDH1 mutation in e i " .

histologically grade 2/3 gliomas o | foy FREE
and secondary GBM in 2009 i AC N-

—>95% with canonical R132H
mutation

2016 WHO criteria formally
adopt IDH1/2 mutation as
defining feature of astrocytoma
and oligodendroglioma

—Eliminated category of
secondary GBM

Info and Top Figure: Yan et al. (2009) NEJM

Info and Bottom Figure: Han et al. (2020) Br J Cancer Isocitrate ; OL-KG OL-KG ; D-2-HG Inactive
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IDH Mutated CNS Tumors

Biochemical Mechanism of Oncogenesis in IDHm

Cytopl C
pEEpE i Mutagenesis - Metab0||c
A

Acetyl Goy Oxidative:a damage - N A D P H D e p I e I.i on

Cltrate <~——— > Citrate \ A (é.,

Reduced activity of glutathione - -
reductilse and thioredoxin system % fp

Oxaloacetate
4
Isocitrate

—AKG Depletion
TCA Cycle Isocntrate

NAD? NADP* : KDMs ? ® _Me ne Ill
IDH3 \QDHZ /\ R Q’:a%
' S (o

NADH NADPH > p-2HG —— TETs —D2HG OnCOmethOIite

--20G
(] (]
; * Angiogenic
i L] L] L]
HIF stabilisation ; Epigenetic Alteration - H I F S |'d b I I 1ZzA I'l on
; HIF degradation :
\ \
Promotion of cell survival and angiogenesis Tumorigenesis

Current Opinion in Chemical Biology

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

2009 2010 20m 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 y{syy]

° ! o
2009: Discovery 2013-2020: Studies on IDH inhibitors in preclinical models of glioma
of IDH mutations P ®
in gliomas 2014-2019: Phase | trial of ivosidenib in people with grade 2, 3 and 4 gliomas
< o) *—e @ o
2015-2017: Phase | trial of 2018-2019: 2020-2022: Phase I
vorasidenib in people with Perioperative phase |  INDIGO trial of vorasidenib
grade 2 and 3 gliomas trial of ivosidenib versus placebo in people
versus vorasidenib or  with grade 2 non-enhancing
no treatmentin gliomas

people with grade 2
and 3 gliomas

Placebo, median 11.1 months 1.0
Vorasidenib, median 27.7 months

Placebo, median 17.8 months

Vorasidenib, median not reached ® B ase d on p rom i S i n g

0.8 1

0.2 1

o
: 65% O, 0.27-0.66 2 o8 HR, 0.26 ® . h d

3 = ° , U

? P=0.000000135 2. 95% CI, 0.15-0.43 IN te rrm P ase 3 a 1'0 /
2 0867 52 064 P=0.000000037 ° °
vorasidenib

5 04- §35 o d

approved to treat

s z

: ;

3 s

o @

[\%

ool T grade 2, non-
Time to Next Treatment ade 4 o
0wt . 0.0 enhanCIng IDH
0123 456 7 8 9101 1213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 0123 456 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

No. at risk Survival (months) No. at risk Survival (months) m U t q n t g I i o m q s

Placebo 163162161146145145117116114 73 70 65 38 38 29 21 19 9 8 8 4 4 2 2 2 1 0 Placebo 163163162161159156155146134 119 97 88 77 60 54 45 35 30 21 14 11 7 6 5 2
Vorasidenib 168 166166157 154154133131129 93 91 81 63 63 52 45 45 25 22 20 11 11 11 7 7 4 4 4 0 Vorasidenib 168168 167 167 165161160156 146 130 117105 95 86 75 65 57 48 38 27 25 18 15 13 11

~ N

Timeline: Ruda et al. (2024) Nat Rev Neurol
Kaplan-Meier: Mellinghoff et al. (2023) NEJM
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IDH Mutated CNS Tumors

Controversy 1: IDHm Inhibitor Use in Enhancing Gliomas

eUse in Enhancing Gliomas is
currently not indicated:

—Ineffective by radiographic
response, by disease control rates,
and by survival outcomes

e Controversy: could resection of all
enhancing tumor restore
responsiveness to IDHm inhibitor?

—Small sample size suggests
maybe, but more studies are
needed

Lanman et al. (2025) Neuro-Oncology Advances
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p < 0.0001

20 30 40
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Enhancement
.

Detailed Enhancing Disease

Not Subsequen
Enhanci Prior t p-
ng,N= Enhancem Enhancem valu

47 ent, N=4 ent,N=3 e

3(5.9%)  0(0%) 0 (0%)
2(3.9%)  0(0%) 3(100%)
4(7.8%) 1(25%) 0(0%)

42 (82%) 3 (75%) 0(0%)

49 (96%) 4 (100%) 0(0%)

7(14%)  1(25%) 0 (0%)



IDH Mutated CNS Tumors

Controversy 2: IDHm Inhibitor in Grade 3 or 4 Gliomas

eUse in Grade 3 Gliomas is All Participants Non-Enhancing Participants
currently not indicated

Grade in Subsequent-
Line Ivo

_Grade 3 g||0maS Were part Of ; Grade Grade Grade Grade Grade

Characteristi 2,N= 3,N= p- 2,N= 3,N= p- 2,N= 3,N= 2

Phase 1/2 testing but not c 7 28 19 18 pvalue
Phase 3 (INDIGO) trial BOR

Grade in All Patients | Grade in First-Line lvo

* Pooled data suggests disease MR (@4%)
response rates are similar - o2
—Rates comparable when PR ., i

enhancing disease is removed

22
SD (76%)  (80%)

e Though not indicated, 2 ol
0 0 : 93%) (100%
insurance companies are .

approving in select settings Grade 2 Grade 3 s
[Notyetreoniing I3 = o

Vorasidenib Maintenance for IDH Mutant Astrocytoma (VIGOR) Vorasidenib in Combination With Temozolomide (TMZ) in IDH-mutant Glioma

Trials forthcoming to use in
high-grade setting with
standard of care

ClinicalTrials.gov ID @ NCT06809322 ClinicalTrials.gov ID @ NCT06478212

Sponsor @ European Organisation for Research and Treatment of Cancer - EORTC sponsor @ Institut de Recherches Internationales Servier

Information provided by @ European Organisation for Research and Treatment of Cancer - EORTC (Responsible Party) | Information provided by @ Servier (Institut de Recherches Internationales Servier) (Responsible Party)

Last Update Posted @ 2025-05-01 Last Update Posted @ 2025-06-05

Lanman et al. (2025) Neuro-Oncology Advances
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IDH Mutated CNS Tumors

Overcoming Resistance to IDHm Inhibitor

eSingle inhibitor strategy could select
for cells without IDHm

—Loss of IDHmM can lead to more
aggressive disease course

e Combination therapies can be
considered:

—Toxicities have typically limited this
strategy

+PARP inhibitor
+CDK inhibitor
+Immunotherapy
+Vaccine strategies

Lin et al. (2024) NPJ Precision Oncology
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Glioma growth

IDH-mutant glioma Mutant IDH inhibitor-responsive Mutant IDH inhibitor-resistant

IDH-mutant glioma IDH-mutant glioma

2-oxoglutarate 2-oxoglutarate 2-oxoglutarate
(20G) (20G) (20G)

,Mga' IDA

.

Mutant IDH — ) Mutant IDH — Resistance
inhibitor inhibitor mechanism?

(R)-2HG )-2H (R)-2HG

|

20G-dependent ( dent Resistance __ 20G-dependent
enzymes nzym mechanism? enzymes

x

Collateral Collateral Glioma growth Collateral
vulnerabilities vulnerabilities vulnerabilities

Not yet recruiting [i]

ViCToRy: Vorasidenib in Combination With Tumor Specific Peptide Vaccine for Recurrent IDH1
Mutant Lower Grade Gliomas (ViCToRy)

ClinicalTrials.gov ID @ NCT05609994

sponsor @ Katy Peters, MD, PhD

Information provided by @ Katy Peters, MD, PhD, Duke University (Responsible Party)

Last Update Posted @ 2025-04-16

Ceecng 3

Study of Vorasidenib and Pembrolizumab Combination in Recurrent or Progressive IDH-1 Mutant
Glioma

ClinicalTrials.gov ID @ NCT05484622

Sponsor @ Institut de Recherches Internationales Servier

Information provided by @ servier (Institut de Recherches Internationales Servier) (Responsible Party)

Last Update Posted @ 2025-06-03



BRAF-Altered CNS Tumors: A Diverse Group of Tumors
PXA Pilocytic Astrocytoma Ganglioglioma
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BRAF Alterations Drive Oncogenesis and are Targetable

Class I

V600 mutant
Kinase activated
RAS-independent
BRAF monomers

Class Il

*  Non-V600 mutant
* Kinase activated

* RAS-independent
* BRAF dimers

DABRAFENIB “
ENCORAFENIB —| w |——TOVORAFENIB
VEMURAFENIB
Class | Class 1l

TRAMETINIB w
BINIMETINIB !
COBIMETINIB W
SELUMETINIB l l l

\* Cell growth/proliferation
Cell survival

Adapted from Capogiri et al. (2023) Front Oncol and Smiech et al. (2020) Genes (Basel)
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Dual RAF/MEK Inhibition for Class | (V60OE) BRAF Mutations

e Study in pediatric patients
(ages 1-17) without any

previous treatment

]
126 (95% Cl, 10-46) Dabrafenib+trametinib

Class | Median
V s « V600 mutant Progression-
— o inase . No. of No.of free Survival
. . o . . ;lAS : Otha;ed t Patients Events (95% CI)
Carboplatin/Vincristine incependen o (9 mo
*  BRAF monomers 1001, 87 (95% Cl, Dabrafenib+Trametinib 73 30 (41) 20.1 (12.8-NE)
o . . | 77-93) Chemotherapy 37 22 (59) 7.4 (3.6-11.8)
* Primary endpoint: overall = A L ne |
ol ‘o death, 031 (35% 1. 0.17-0.59
1] % th, O. % Cl, 0.17-0.
response rate £ o paoor !
. . > * ! E 60 H I
* Toxicity (Grade 23) ‘ s o] sema
o 39-73)
]
£ 404
S
&

—47% (dual inhibitor) vs "
94% (chemotherapy) « :lll 20]

* FDA approved
dabrafenib/trametinib i Months

combination in 2023 i
Dabrafenib+trametinib 73 67 64 62 49 40 33 25 23 13 11 7 4 3 2 2 0
e Chemotherapy 37 25 19 17 10 7 4 2 1 1 1 1 0 0 0 0 0

10

+ Chemotherapy

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

2025 Debates and Didactics in Hematology and Oncology



Parallel BRAF/MEK Trials in Adults with BRAF Class | Mutations

A. HGG Cohort

*Basket trial of CNS tumors with V600E
mutation for adult patients

e Primary endpoint: overall response
rate

—Low-Grade Glioma: 69%
—GBM: 31%
—High-Grade Glioma: 33%

* Toxicity (Grade23) was 53% across
all cohorts

—Primarily fatigue, neutropenia

* FDA approved for adult CNS tumors in
2022

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

* V600 mutant

* Kinase activated
* RAS-independent
* BRAF monomers

Patients with HGG

Patients with LGG

T T T T T T T T T T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60
Treatment duration (months)

|||||||||||||||||||||||||||
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78

Treatment duration (months)



BRAF-Altered CNS Tumors

First Class Il BRAF-Inhibitor Proves Effective Against Mutant and Fusions

*Enrolled 6-month to 25-year-
old patients with relapsed
BRAF-altered low-grade
gliomas failing 21 prior
therapy

* Primary endpoint: overall
response rate

* Toxicity Grade 23: 42%
—Primarily developmental
—7% tumor hemorrhage

* FDA approved in pediatric
low-grade gliomas in 2024

—However, many insurers will

approve in adult BRAF-altered
CNS tumors

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

*  Non-V600 mutant
* Kinase activated

* RAS-independent
* BRAF dimers
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BRAF fusion 41% 33%
BRAF mutation 50% 58%
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BRAF-Altered CNS Tumors

Controversy 1: Long-Term Treatment and Drug Holidays

 Debating Point:

—Pro continuation: BRAF/MEK Inhibition is cytostatic and not cytotoxic

—Con continuation: May develop resistances and become more aggressive

—Pro discontinuation: toxicities, avoid developing resistances

—Con discontinuation: many times tumor grows back substantially

Baseline 4 months on therapy 1 month off therapy 2 months after restart
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drug-resistant tumor
during drug holiday

drug
holiday

drug-resistant tumor with

BRAF V600E amplification BRAF/MEK inhibitors

BRAF V600E drug-sensitive tumor
during drug holiday

drug
restart

drug-sensitive tumor with

BRAF/MEK inhibitors

tumor-control zone
tumor proliferation

MRI Case Series: Bazer et al. (2024) Neurooncol Pract
Figure Case Series: Inoue et al. (2024) Sure Neurol Int



BRAF-Altered CNS Tumors

Controversy 2: Epithelioid Glioblastoma Treatment Sequence

©*40-50% of epithelioid GBM
have BRAF V600E mutation

e Clinical behavior however

is similarly aggressive as i
G B M N 300 39
Mean age (y) 54+13 53+13

® S i‘ an d (ol g d i S 1'0 i‘ red i‘ \"."4 i i‘ h Age >40 248/300 (0.83) 33/39(0.84)
chemoradiation with adjuvant toe 0 2ANO) e
I ° d Sex ratio (male/female) 167/133 (1.26) 12/27 (0.44)
te m o Z o o m I e Microvascular proliferation 260/300 (0.87) 16/39 (0.41)
S EGFR amplification 98/263 (0.37) 10/35 (0.29)
E ar I y a g g ressive TERT mutant 176/289 (0.61) 24/36 (0.67)
treatment has better S

ouU |'C omes i n G B M MGMT methylation 100/295 (0.34) 10/39 (0.26)

e Argument can be made for
BRAF-directed therapies

Table: Xi et al. (2024) Int J Cancer
Case Radiology: Kanemaru et al. (2019) Acta Neuropathology Commun
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BRAF-Altered CNS Tumors

Overcoming Resistance to BRAF Inhibitor Therapy

N co-occurring a’tefation
N

» Strategies in development include: y [
* Receptor tyrosine kinase and T S,/ o i
pathway inhibition p : g
 PI3K/AKT inhibition
* Immunotherapeutics
« New small molecule inhibitors

bo
ernoes, Aemyped NAYW @

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 still unknown and being explored, and strategies to
enhance or capitalize on resistances need to be developed
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