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Glioblastoma

» Most common primary brain tumor in adults B4 Mun etal. CCR Jan 2018, DOI
* Approx. 20,000-30,000 cases yearly in the US
* Median OS 14-16 months with standard of care
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Advancement in Oncology
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Stumbling Blocks in Neuro-Oncology

Blood brain barrier
Intra-tumoral heterogeneity

Blood CSF barrier
100s of failed GBM trials

\ J,

Unique CNS microenvironment Compensatory signaling
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54 yo man with MGMT methylated GBM
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54 yo man with MGMT methylated GBM
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 Patient 1: MGMT promotor umethylated
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ORIGINAL REPORTS | Neurooncology

Evaluation of Standard Response Assessment in Neuro-
RAN O 2 O Oncology, Modified Response Assessment in Neuro-
3 Oncology, and Immunotherapy Response Assessment
in Neuro-Oncology in Newly Diagnosed and Recurrent
Glioblastoma

“] Check for updates
Meurotherapeutics. 2017 Apr; 14(2): 307-320. Published online 2017 Jan 20.

doi: 10.1007/513311-016-0507-6 Gilbert Youssef (), MD'; Rifaguat Rahman {2, MD2; Camden Bay, PhD?; Wei Wang, PhD*55;
Mary Jane Lim-Fat, MD, MSc, FRCPC?; Omar Arnaout, MD3; ...

PMCID: PMC5398984 | PMID: 28108885

PURPOSE
Modified Criteria for Radiographic Response Assessment in The Response Assessment in Neuro-Oncology (RANO) criteria are widely used in
Glioblastoma Clinical Trials high-grade glioma clinical trials. We compared the RANO criteria with updated

modifications (modified RANO [MRANO] and immunotherapy RANO [iRANO]
criteria) in patients with newly diagnosed glioblastoma (nGBM) and recurrent
GBM (rGBM) to evaluate the performance of each set of criteria and inform the
development of the planned RANO 2.0 update.

Benjamin M. Ellingson,®'235 Patrick Y. Wen,* and Timothy F. Cloughesy®®

CONCLUSION

RANO and mRANO demonstrated similar correlations between PFS and OS.
Confirmation scans were only beneficial in nGBM within 12 weeks of completion
of radiotherapy, and there was a trend in favor of the use of postradiation MRI
as the baseline scan in nGBM. Evaluation of FLAIR can be omitted. The iRANO
criteria did not add significant benefit in patients who received immune

Q0 .
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Case: Patient KC
CT_head

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

+ Dizziness, nausea & vomiting, blurry vision,
photophobia, phonophobia, weakness &
paresthesia of UEs
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40 yo woman with L frontal lesion

Pre-operative MRI Post-operative MR
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Initial Diagnosis: Oligodendroglioma

FINAL REPORT AFTER MOLECULAR RESULTS COMMENT: Differer_wtial diagnos.is includes sma_II cell glioblastoma
I. BRAIN TUMOR: The specimen is received fresh for frozen \éﬁgsoléseﬁgfgéﬁgtrlrc]:aoilég%c\l;rrlggogI|oma. Anaplastic

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 IGH 1/2, 1p/19q, TP53, MGMT are ordered and will be reported in
submitted and the diaanosis bv Dr \WWana and Dr Kim is "hiah- an addendiim

grade

Il. BR 1 1 1 1

mal  Anaplastic oligodendroglioma (1p/19q deleted, IDH wild type)

pale ! . . .

W8 s favored based on the histology and molecular studies.

The fin S , . .
examination findings. TP 53 mutation: Not detected.
_ MGMT Gene Promoter Methylation: Detected.
DIAGNOSIS: -Percent of MGMT methylation: 12.54%.
| Brain tumor, craniotomy: COMMENT: Anaplastic oligodendroglioma (1p/19q deleted, IDH
1. Malignant glioma. wild type) is favored based on the histology and molecular studies.

2. Pending IHC and molecular studies. See comment.
[I. Brain tumor, craniotomy:

1. Malignant glioma.
2. Pending IHC and molecular studies. See comment.
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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
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Oligodendroglioma: PCV vs Temozolomide

M) U.S. National Library of Medicine

ChinicalTrials.gov

Radiation Therapy With Concomitant and Adjuvant Temozolomide Versus Radiation Therapy With
Adjuvant PCV Chemotherapy in Patients With Anaplastic Glioma or Low Grade Glioma

Sponsor:
Alliance for Clinical Trials in Oncology

ClinicalTrials.gov Identifier: NCT00887146

Collaborators:
National Cancer Institute (NCI)

European Organisation for Research and Treatment Center (EORTC)
Canadian Cancer Trials Group

Information provided by (Responsible Party):
Alliance for Clinical Trials in Oncology
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L Frontal Oligodendroglioma Treatment

— DIAGNOSIS: L frontal Oligodendroglioma

— 2ND OPINION
— RESECTION

RADIATION 59.4 Gy

PCV x 3 CYCLES

9/2018 1/2019 MYELOSUPPRESSION 6/2019

4/26/19 5/10/19 5/14/19 5/18/19 5/24/19 6/7/19 6/20/19 7/5//19 8/9/19 8/26/19
WBC 3.2 3.5 1.2 1.9 1.2 1.2 3.1 2.5 1.5 1.2

HB 9.1 9.4 89 8.3 9.0 9.9 11:0 108 103 11.0
PLT 92 18 15 39 46 148 169 154 47 116
NC 0.6 2.1 14 0.8
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Second Opinion: History & Imaging

/ \ Additional non-enhancing lesion
| | 4.\':\ Not included in the RT treatment field

\|

Weekly episodes of inability to speak x 5-10
minutes x 6 months SEIZURES




Molecular Focus in WHO Classifications

1979: 1st edition, 1993: 2nd edition, 2000: 39 edition

. - th
2007: 4% Edition 2016: Revised 4 2021: 5t Edition
Edition

WHO Classification of Tumours = 5th Edition

WHO Classification of Tumours of

the Central Nervous System Central Nervous System

Tumours

Edited by David M. Lowls, Hircke Chgaki, Ctmar D. Wiestier, Webster K. Caveres
Edited by the WHQO Classitication of Tumours Editorial Board

Histopathology
Vs
Molecular Diagnoses




WHO 2016 Update: Oligodendroglioma

Review > Acta Neuropathol. 2016 Jun;131(6):803-20.
doi: 10.1007/s00401-016-1545-1. Epub 2016 May 9.

The 2016 World Health Organization Classification of
Tumors of the Central Nervous System: a summary

David N Louis ', Arie Perry 2, Guido Reifenberger 3 4, O|igodendrog|ioma$
Andreas von Deimling # ®, Dominique Figarella-Branger €, ) . ) ) ) ) ) .
Webster K Cavenee 7, Hiroko Ohgaki & Otmar D Wiestler @, Lhe diagnosis of oligodendroglioma and anaplastic oligodendroglioma requires the

Paul Kleihues %, David W Ellison " demonstration of both an IDH gene family mutation and combined whole-arm losses of 1p

Affiliations + expand and 19q (1p/19q codeletion). In the absence of positive mutant R132H IDH1

PMID: 27157931 immunohistochemistry, sequencing of IDH1 codon 132 and IDH2 codon 172 is recommended.
DOI: 10.1007/s00401-016-1545-1

In the absence of testing capabilities or in the setting of inconclusive genetic results, a
histologically typical oligodendroglioma should be diagnosed as NOS. In the setting of an
anaplastic oligodendroglioma with non-diagnostic genetic results, careful evaluation for
genetic features of glioblastoma may be undertaken [6]. It is also recognized that tumors of
childhood that histologically resemble oligodendroglioma often do not demonstrate IDH gene
family mutation and 1p/19q codeletion; until such tumors are better understood at a

molecular level, they should be included in the oligodendroglioma, NOS category. However,

care should be taken to exclude histological mimics like pilocytic astrocytoma, .
O.O dysembryoplastic neuroepithelial tumor and clear cell ependymoma. .
(@) .
Q" Ivy Brain Tumor Center -'-' .
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Initial Diagnosis: Oligodendroglioma??

FINAL REPORT AFTER MOLECULAR RESULTS COMMENT: Differential diagnosis includes small cell glioblastoma
lastic oligodendrogli . Anaplasti

I. BRAIN TUMOR: The specimen is received fresh for frozen \éﬁgsolaseﬁgfggﬁgrfaoiégévi?edr?g 'oma. Anaplastic

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

submitted and the diagnosis by Dr. Wang and Dr. Kim is "high- an addendum.

grade glioma, favor GBM". SUPPLEMENTAL A

II BPA IR L ™1 IR A /A ") . LR r . r o LR | RAAL FA/ALIL A Mr—~Ailill T~
.

@

# Anaplastic oligodendroglioma (1p/19q deleted, IDH wild type)
i Is favored based on the histology and molecular studies.
DIAGNUSTS: -Percent of MGMT methylatlon 12.54%.

|. Brain tumor, craniotomy: ‘ioma (1p/19q deleted, IDH

; IIE)/IearLi(g;;J]ir:{agnltl_?clzioanr:?j_rr CH ROMOSOMAL MICROARRAY )logy and molecular studies.
el NO EVIDENCE OF 1p19g CODELETION

1. Malignant glioma.
2. Pending IHC and molecular studies. See comment.
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Second Opinion: Diagnosis Review

GLIOBLASTOMA, IDH-WILD TYPE, WHO GRADE 4

 |DH1 and IDH2 wildtype
* ATRXretained
MGMT promoter methylated
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Glioblastoma, WHO grade 4

* More common in older adults age > 45 EJ Mun et al. CCR. Jan 2018. DOL:
10.1158/1_078-0432.CCR-17-1117

« 10 times more common than Grade 2 & 3 oligo combined
* MEDIAN survival 24 months for MGMT methylated

O Ivy Brain Tumor Center



Multifocal Glioblastoma Treatment

— DIAGNOSIS: L frontal Oligodendroglioma __ DIAGNOSIS: Multifocal Glioblastoma
MGMT promoter methylated

— RESECTION

RADIATION 59.4 Gy

PCV x 3 CYCLES TEMOZOLOMIDE x 12 CYCLES

MYELOSUPPRESSION

6/2019 9/2019 9/2020

9/2018 1/2019

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

9/2020

.~ .

9/2021 9/2022
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Target: IDH mutation

THE WALL STREET JOURNAL.

HEALTH

Treatment Breakthrough for an
Intractable Brain Cancer

» The NEW ENGLAND
' JOURNAL of MEDICINE

ORIGINAL ARTICLE

Servier’s drug vorasidenib helped glioma patients stave off cancer . . .
ot Vorasidenib in IDH1- or IDH2-Mutant Low-Grade
By Brianna Abbott Gllo ma
Updated June 4, 2023 3:34 pm ET
& [ save A 0 s Ingo K. Mellinghoff, M.D., Martin |. van den Bent, M.D., Deborah T. Blumenthal, M.D., Mehdi

Touat, M.D., Katherine B. Peters, M.D., Jennifer Clarke, M.D., M.P.H., Joe Mendez, M.D., Shlomit
Yust-Katz, M.D., Liam Welsh, M.D., Ph.D., Warren P. Mason, M.D., Francois Ducray, M.D., Yoshie

Umemura, M.D., et al.

» Low grade IDH mutated glioma

« > 1 year, <5 year from surgery

* No prior tumor directed therapy

A brain MRI shows a slow-moving glioma, a type of tumor. PHOTO: DANA-FARBER CANCER .‘.-.




Voracidenib vs Placebo

A Progression-free Survival

Placebo, median 11.1 mo

Probability of Progression-free Survival

S A S
r
0.4 !
I
0.3 E
I
0.2 i i
Hazard ratio for disease progression ! !
014 ordeath, 0.39 (95% Cl, 0.27-0.56) ! ;
P<0.001 ! :
0.0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Months
No. at Risk
Vorasidenib 168 166 166157 154154 133131129 93 91 81 63 63 52 45 45 25 22 20 11 11 11 7 7 4 4 4 0
Placebo 163162161146145145117116114 73 70 65 38 38 29 21 19 9 8 8 4 4 2 2 2 1 0

B Receipt of Next Intervention

1.0
£
8 094 Vorasidenib, median not reached
£
? 08
]
£ 0.7
E 0.6
3 Placebo, median 17.8 mo
B L aaae et L R L L LR LR e,
] 1
g 0.4+ i
o 1
% 034 :
£ | —
3 021 |
= Hazard ratio for receipt of next treatment or death, !
:‘;_.' 0.14 0.26 (95% Cl, 0.15-0.43) !
P<0.001 !
0.0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Months
No. at Risk
Vorasidenib 168 168 167 167 165 161 160 156 146130117105 95 86 75 65 57 48 38 27 25 18 1513 11 7 4 4 2 1 0
Placebo 163163162161 159156 155 146 134119 97 88 77 60 54 45 35 3021 1411 7 6 5 2 2 1 0

« N=331 (vorasidenib N=168, placebo N=163)
e 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)

OO Ivy Brain Tumor Center



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

Exclusion Criteria:

Vorasidenib Expanded Access Program
» Patient has IDH1-mutant glioma that is predominantly contrast-

enhancing and the patient is eligible for ivosidenib Patient

ClinicalTrials.gov ID @ NCT05592743
Assistance Program or able to access ivosidenib through a third-

Sponsor © servier party payer.
Information provided by © servier (Responsible Party) o Patients whose disease progresses after treatment with
_ ivosidenib or who are unable to tolerate ivosidenib may be
Eligibility Criteria eligible
» Patient is eligible for a clinical trial with vorasidenib. (Note that
Description Ages Eligible for Study . . . L .
patients who are enrolled in a Servier-sponsored clinical trial and
Inclusion Criteria: 12 Years and older (Child, have completed all requirements of the trial may be eligible if the
Adult, Older Adult ) patient continues to benefit from vorasidenib and does not meet

« Age =12 years old and weighing at least 40 kg.

. . - criteria for discontinuation of treatment)
« Have IDH-mutant oligodendroglioma or astrocytoma per WHO 2021 Sexes Eligible for Study

» Patient has a grade 4 tumor and has not received appropriate
standard of care or been approved for an exception by a Servier-
designated panel of independent experts.

criteria, with the IDH1 or IDH2 gene mutation confirmed by tissue- All
based diagnosis.
« Have at least 1 prior surgery for glioma (including biopsy).

o . ) +» Patient has a heart-rate corrected QT interval using Fridericia's
« Is not in immediate need of chemotherapy and/or radiotherapy

formula (QTcF) =450 msec or other factors that increase the risk of

based on the clinical judgement of the treating oncologist. ] . i
QT prolongation or arrhythmic events (e.g., heart failure,

» Have adequate bone marrow function. . I ) )
hypokalemia, family history of long QT interval syndrome). Subjects

with bundle branch block and prolonged QTcF may be eligible at the I

discretion of Servier Pharmaceuticals and the investigator.

» Patient is pregnant or breastfeeding.

» Have adequate hepatic function.
» Have adequate renal function.

« Have adequate cardiac function. l
v\ F N F N




IDH Inhibitor: Safusidenib Phase 2 Trial

SAFUSIDENIB (AB-218) FOR IDH1
MUTANT GLIOMA

A Phase 2 randomized open-label trial to evaluate safety and efficafy of Safusidenib (AB-218) in

patients with recurrent or progressive IDH1 mutant Glioma.

LEARN MORE

00
Ivy Brain Tumor Center

Trial Eligibility
Status: Recruiting

Visit ClinicalTrials.gov or use NCT identifier
NCT05303519 to view inclusion criteria and
additional study details.

TRIAL SCREENING >




Patient CB

26 yo woman
* Headache
* Nausea
 Vomiting
 Diplopia

g .‘
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WHO Criteria Change

1DH mutant

Glioblastoma

Glioblastoma, IDH mutant ]

Fig. 1
Histology Astrocytoma Oligoastrocytoma Oligodendroglioma
|

!
R 1DH mutant 1DH wild-type ;

I

1
19/19 and |
pthor manabis ATRX loss*® 1a/18a radalatiae !

10H wild-type

Diffuse astrocytic and oligodendroglial tumours

Diffuse astrocytoma, IDH-mutant
Gemistocytic astrocytoma, IDH-mutant

Diffuse astrocytoma, IDH-wildtype

Diffuse astrocytoma, NOS

Anaplastic astrocytoma, IDH-mutant
Anapiastic astrocytoma, IDH-wildtype
Anaplastic astrocytoma, NOS

Glioblastoma, IDH-wildtype
Giant cell glioblastoma
Gliosarcoma
Epithelioid glioblastoma

Glioblastoma, IDH-mutant

Glioblastoma, NOS

Diffuse midline glioma, H3 K27M-mutant

Oligodendroglioma, IDH-mutant and

v

After exclusion of other entitles:
Diffuse astrocytoma, IDH wild-type
Oligodendroglioma, NOS

* =characteristic butnot
required for diagnosis

Louis, D.N., Perry, A., Reifenberger, G. et al. The 2016 World Health Organization
Classification of Tumors of the Central Nervous System: a summar

OO Ivy Brain Tumor Center

v

Diffuse astrocytoma, NOS
Oligodendroglioma, NOS
Oligoastrocytoma, NOS
Glioblastoma, NOS

. Acta

yloma
Subependymal giant cell astrocytoma
Pleomorphic xanthoastrocyloma
Anaplastic pleomorphic xanthoastrocytoma

Ependymal tumours
Subependymoma
Myxopapillary ependymoma
Ependymoma

Papillary ependymoma

Clear cell ependymoma

Tanycytic ependymoma
Ependymoma, RELA fusion-positive
Anaplastic ependymoma

Other gliomas

Chordoid glioma of the third ventricle
Angiocentric glioma

Astroblastoma

Choroid plexus tumours

Choroid plexus papilloma
Atypical choroid plexus papilloma
Choroid plexus carcinoma

9450/3
9450/3

9451/3
9451/3

94211
9425/3
9384/1
9424/3
9424/3

9383/1
93941
9391/3

9391/3
9391/3

9392/3
944411

94311
943013

Neuronal and mixed neuronal-glial tumours

Dysembryoplastic neuroepithelial tumour

Gangliocytoma

Ganglioglioma

Anaplastic ganglioglioma

Dysplastic cerebellar gangliocytoma
(Lhermitte-Duclos disease)

Desmoplastic infantile astrocytoma and
ganglioglioma

Papillary glioneuronal tumour

Rosette-forming glioneuronal tumour

Diffuse leptoreningeal glioneuronal tumour

Central neurocytoma

Extraventricular neurocytoma

Cerebellar liponeurocytoma

Paraganglioma

Tumours of the pineal region

Pineocytoma

Pineal parenchymal tumour of intermediate
differentiation

Pineoblastoma

Papillary tumour of the pineal region

Embryonal tumours
Medulioblastomas, genetically defined
Medulloblastoma, WNT-activated
Medulloblastoma, SHH-activated and
TP53-mutant
Medulloblastoma, SHH-activated and
TP53-wildtype
Medulloblastoma, non-WNT/non-SHH
Medulloblastoma, group 3
Medulioblastorna, group 4
Medulioblastomas, histologically defined
Medulloblastoma, classic
Medulloblastoma, desmoplastic/nodular
Medulloblastoma with extensive nodularity
Medulloblastoma, large cell / anaplastic
Medulloblastoma, NOS

Embryonal tumour with multilayered rosettes,
C19MC-altered

Embryonal turnour with multilayered
rosettes, NOS

Medulloepithelioma

CNS neuroblastoma

CNS ganglioneuroblastoma

CNS embryonal tumour, NOS

Atypical teratoid/rhabdoid tumour

CNS embryonal tumour with rhabdoid features

Tumours of the cranial and paraspinal nerves
Schwannoma

Cellular schwannoma

Plexiform schwannoma

WHO classification of tumours of the central nervous system

9413/0
9492/0
9505/1
9505/3

9493/0

94121
9509/1
9509/1

9506/1
9506/1
9506/1
8693/1

9361/1

9362/3
9362/3
9395/3

9475/3*
9476/3"

947113
9477/3"

9470/3
9471/3
9471/3
947413
9470/3




Patient CB

Diagnosia:
A-B. Brein, pineal region tumor, biopay:

— Diffuse midline glioma, H3KZ2TM-mutant, WHO grade IV

SEQUENCING QC REPORT

SRR Tumor and normal OnceSeq exeme capture branes and tumor whole transcriptome capiurs ibranss were analyzed.
Sample Cuality Sequencing Quality Library Quality Sample ldentity (SKNE Fingerspringing)

POTENTIALLY ACTIONABLE/INFORMATIVE RESULTS

Potential TherapiesClinical Trial
Mutation class |"l'::ln:.imurl mar:-uli-:::ul:.:lirmilll:-:':nia]
Somatic Paint Mutations FGFR1: p NS4EK, activating FGFR1
(Total: 7) H3F34: p.K2BM [K2TM), hotspot MCTO3I52427, NCTOZA65060
7 Mutations/Mb ATRX: Splice acceptor of exon 14 H3IF3A:

Mutations of uncartain gignificance: METOS134131, NCTOAR 95396
BAZZA (p REXH), CDX2 (p.WTTR), PAXT (p.5145R),
PRPFG (p R590W/)

Somabc Indeds (Total: 1) HF1: Frameshift deletion, p.5340fs, copy neutral LOH | NF1: MCTO2465060

Low level of aneuploidy
. Co-deletion of regions on chromosomes 1p and 19q:
Copy Number Aberations | ooy ogs of 1(p12-p22.3) and 19{g13.12.913.43)

(see copy number plot Below)
Gene Fusions Mo driver fusion datected

Cutiier Gene Expression OQuitliers: FGFT, ALK, GCNDZ, GAP43, CHLT
MGMT is expressed at a low level

(see expression plots balow)

Gearmiline Y ariants for

Disclosure Mo pathogenic vananis detectad




Tumors with H3K27M mutation

> Oncotarget. 2017 May 12;8(45):79298-79304. doi: 10.18632/oncotarget.17837.
eCollection 2017 Oct 3. Baseline 12 CyC|ES

A phase 2 study of the first imipridone ONC201, a
selective DRD2 antagonist for oncology,
administered every three weeks in recurrent
glioblastoma

Isabel Arrillaga-Romany 1, Andrew S Chi 2, Joshua E Allen 2, Wolfgang Oster 2, Patrick Y Wen 4,
Tracy T Batchelor !

“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”

. was observed as a surrogate marker of target engagement, and DRD2 was expressed in all
OOO evaluated archival tumor specimens. In summary, ONC201 is well tolerated and may have single
I agent activity in recurrent glioblastoma patients.




Figure 1.3 Proposed model of ONC201 in tumor cells.

What’s ONC2017? ﬁ ! o B
ans

e

L \/ oR0:

+ Selective DRD2 antagonist " [ I

+ AKYERK inhibitor o

) , . . . e Ak
Inactivates prosurvival signaling e

* Activates apoptosis pathway by o —@® j

- Water soluble, penetrates BBB m!u if“""’# o

PO route ] *

Preclinical efficacy in aggressive malignancy
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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

> J Neurooncol. 2019 Oct;145(1):97-105. doi: 10.1007/s11060-019-03271-3. Epub 2019 Aug 27.
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Figure 3.

Gadolinium-enhanced MRI of adult recurrent H3 K27M-mutant glioma patient at baseline (left) and one year (right)
after initiating ONC201 (625mg PO, weekly). The on-treatment scan was taken 50 weeks after initiation of ONC201

and 22.5 weeks since the last dose of bevacizumab.



Tumors with H3K27M mutation

ONC201 in H3 K27M-mutant Diffuse Glioma
Following Radiotherapy (the ACTION Study)

STATUS: ACTIVE (¥) Open all (=) Close all

Description

This is a randomized, double-blind, placebo-controlled, parallel-group, international, Phase 3
study in patients with newly diagnosed H3 K27M-mutant diffuse glioma to assess whether
treatment with ONC201 following frontline radiotherapy will extend overall survival and
progression-free survival in this population. Eligible participants will have histologically

diagnosed H3 K27M-mutant diffuse glioma and have completed standard frontline
radiotherapy.
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Determine if a new way is safe / feasible / effective / better
Determine if an existing treatment can be used for a different purpose
Compare existing treatments 
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Phase 0/Expansion Trial Design

Niraparib plus Radiotherapy in Newly-Diagnosed Glioblastoma (NC T050 765 1 3)
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The web of brain tumor diagnosis
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The web of brain tumor treatment
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Clinical Trials at lvy Brain Tumor Center
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Radiotherapy planning using fluciclovine PET

Pamiparib in newly diagnosed and recurrent GBM 0/2 N/R

AZD1390 in recurrent and newly diagnosed grade 4 glioma 01b  N/R NR

Niraparib in newly diagnosed and recurrent grade 2-4 glioma 0 NNR  NR NR NR
Sonodynamic therapy in recurrent GBM 112 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
ONC201 in newly diagnosed H3 K27M-mutant diffuse glioma 3
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
Stereotactic radiosurgery in brain metastases 3
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Thank you

Ivy Brain Tumor Center: Barrow Neuro-Oncology Clinic
602-406-8605 602-406-2800

Info@ivybraintumorcenter.org
www.Ivybraintumorcenter.org

Questions: Yoshie.Umemura@IlvyBrainTumorCenter.Org
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