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Overview

1. Reclassification of pathology
2. Advances in surgery

3. Advances in radiation

4. Emerging systemic therapies
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Reclassification of
Pathology



Reclassification of Pathology WHO CNs 5 2021

Louis. Neuro-Onc (2021)

WHO Classification of Central Nervous System Tumors,
5th edition (2021)

. . Central Nervous System
Update introduces major changes that advance the role of Tumours
molecular diagnostics in CNS classification e

* Arabic rather than Roman numerals

* Molecular alterations supercede histological grading
 “Glioblastoma” no longer used for IDH-mutant tumors
e Descriptors “diffuse” and “anaplastic” no longer used
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Reclassification of Pathology

Nomenclature and grading of adult-type diffuse gliomas

2021
IDH Grade | Tumor type
Mutant 4
Mutant 3 Astrocytoma
Mutant 2
Wildtype | 4 Glioblastoma

2016
Tumor type Grade | IDH
Glioblastoma | IV Mutant

Wildtype
Anaplastic 1] Mutant
Astrocytoma

Wildtype
Diffuse I Mutant
Astrocytoma

Wildtype
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Reclassification of Pathology

2016 Grade 4 (in the absence of microvascular proliferation or necrosis):
CDKN2A/B homozygous deletion upgrades IDH mutant
Tumor type Grade | IDH
Glioblastoma | IV Mutant 2021
Wildtype IDH Grade | Tumor type
Anaplastic 1] Mutant Mutant 4
Astrocytoma
Mutant 3 Astrocytoma
Wildtype
Mutant 2
Diffuse | Mutant
Astrocytoma Wildtype | 4 Glioblastoma
Wildtype
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Reclassification of Pathology

2016
Tumor type Grade | IDH
Glioblastoma | IV Mutant

Wildtype
Anaplastic 1] Mutant
Astrocytoma

Wildtype
Diffuse I Mutant
Astrocytoma

Wildtype

7

Any one of the following:

TERT promoter mutation
EGFR amplification

+7/-10
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2021
IDH Grade | Tumor type
Mutant 4
Mutant 3 Astrocytoma
Mutant 2
Wildtype | 4 Glioblastoma




Reclassification of Pathology

Diagnosis requires molecular testing
- Time to diagnosis, challenges at local hospitals
Clinical trial enrollment
- Necessitates updates to current trials
Clinical trial protocol development moving forward
- Focus on molecular subtypes
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Reclassification of Pathology  wwocwss o
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Reclassification of Pathology Von Deimiing.Nature (2018

DNA methylation-based classification of
central nervous system tumours
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Advances in Surgery



Surgery—5-Aminolevulinic Acid
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Advances in Radiation



Radiation—Brachytherapy

Cesium-131 collagen carrier tile brachytherapy

FDA-cleared to deliver radiation

Newly diagnosed malignant

Recurrent intracranial neoplasms

M CESIUM-131 SOURCES ik

y RESECTION
Y *4 CAVITY
Tl R e ]
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Radiation—Brachytherapy

Treatment Planning Images Depict

e Radiation Distribution And Intensity

AFTER SURGERY CESIUM-131 TILE THERAPY INTENSITY MODULATED RADIATION THERAPY (IMRT)

Colors indicate radiation location and intensity from the 2 types of treatment.
I Blue-green indicates lower radiation levels M Red indicates higher levels White dots indicate radiation sources
I Area of treatment intent corresponds to the continuous lighter circles
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Radiation—Brachytherapy
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Radiation—Brachytherapy

Neurn-Oncology Advonces
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Systemic Therapies

Newly-Approved & Emerging



Systemic Therapies

FDA-Approved Drug Condition

April 2020 Selumetinib NF1 plexiform neurofibroma
Sept 2021 Belzutifan VHL hemangioblastoma
July 2022 Dabrafenib/Vemurafenib | BRAF V600OE mutant
Investigation Drug Condition

2020 Ivosidenib IDH mutant glioma

2021 Vorasidenib IDH mutant glioma

2021 Olaparib IDH mutant glioma

2021 Abemaciclib Glioblastoma

2022 Selinexor Glioblastoma
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Systemic Therapies—FDA Approved

47 The NEW ENGLAND
©Y JOURNAL of MEDICINE
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Systemic Therapies—FDA Approved

Best Response

Pancreatic lesions

(n=61)

\ The NEW ENGLAND
JOURNAL of MEDICINE

Pancreatic
Neuroendocrine Tumors
(n=22)

CNS Hemangioblastoma

(n=50)

Retinal
Hemangioblastomas
(n=16)

response, months

CR 6 (9.8%) 3(13.6%) 3 (6.0%) .
PR 41 (67.2%) 17 (77.3%) 12 (24.0%) 16 (100%)
SD 13 (21.3%) 2 (9.1%) 31 (62%) 0
PD 0 0 2 (4.0%) 0
Median time to 8.4 (2.5-19.1) 5.5 (2.5-16.4) 3.2 (2.3-16.6) .

Median duration of
response, months

Not Reached (2.6-22.3)

Not Reached (2.9-22.3)

Not Reached (2.6-22.3)

USC Norris Comprehensive Cancer Center
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Systemic Therapies—FDA Approved
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Dabrafenib + Trametinib (n=73)

Carboplatin + Vincristine Control (n=37)

ORR (CR+PR) | 47% (95% Cl, 35-59%) 11% (95% Cl, 3-25%) OR 7.2 (95% Cl, 2.3-22.4, p<0.001)
PFS 20.1 months (95% Cl, 12.8-not estimable) | 7.4 months (95% Cl, 3.6-11.8) HR 0.31 (95% Cl, 0.17-0.55, P<0.01)
12-PFS 67% 26%
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Systemic Therapies—IDH mutation

Chnical Trial  » J Clin Oncol. 2020 Oct 10;38(29):3398-3406. doi: 10.1200/JC0.19.03327,
Epub 2020 Jun 12

Ivosidenib in Isocitrate Dehydrogenase 1 - Mutated o mkrd o fvalichses r Heow E "
AdvaHCEdGliﬂma | [FIESpee—— -rlqllll_ mam s bees e Il =

] ‘ INE EE I L H I I I H
Ingo K Mellinghoff 1, Benjamin M Ellingsen 2, Mehdi Touat 2, Elizabeth Maher %,

Macarena | De La Fuente 5, Matthias Holdhoff &, Gregory M Cote 7, Howard Burris ®, Filip Janku 9,
Robert J Young "%, Raymond Huang V7, Liewen Jiang 2, Sung Choe '#, Bin Fan 4,

Katharine Yen 15, Min Lu 1%, Chris Bowden "%, Lori Steelman %, Shuchi S Pandya 8,

Timothy F Cloughesy 7 Patrick ¥ Wen 18

Non-Enhancing Disease (n=24) Enhancing Disease (n=31)

Non-Enhancing Disease (n=22) Enhancing Disease (n=30)

PFS | 13.6 mo (95% Cl, 9.2-33.2) 1.4 mo (95% Cl, 1.0-1.9) PFS | 36.8 mo (95% Cl, 11.2-40.8) 3.6 mo (95% Cl, 1.8-6.5)
Best Overall Response Best Overall Response

CR |0 0 CR |0 0

PR | 1(4.2%) 0 PR | 4(18.1%) 0

SD | 21(87.5%) 14 (45.2%) SD | 16 (72.7%) 17 (56.7%)

PD | 2(8.3%) 17 (54.8%) PD | 2(9.1%) 12 (40.0%)
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Systemic Therapies—IDH mutation

- Olaparib in Treating Patients With Advanced Glioma, Cholangiocarcinoma,
I_II HE N IIIIII-II -.I.l-- F-
. or Solid Tumors With IDH1 or IDH2 Mutations
Sponsor: ClinicalTrials.gov Identifier: NCT03212274
National Cancer Institute (NCI)
| | |

Recruitment Status @ : Recruiting
First Posted @ : July 11, 2017
Last Update Posted @ : August 5, 2022

Recurrent IDH mutant gliomas (n=32) BGB-290 and Temozolomide in Treating Patients With Recurrent Gliomas

Information provided by (Responsible Party):
National Cancer Institute (NCI)

With IDH1/2 Mutations
G-PFS 11 (31%) : ClncalTriaks. goy Identifier NCTOE9N4742
PFS 2.3 months Lidney Kimmel Comprehensive Cancer Cenber ot Johns Hopkins

Racnatmant Status 0 © Activ, Rl recnating
Collaborators: Firsl Postod O : Apal 16, 2008
(01 15.9 months

Mational Camoar Iraiibne (NCT Lagt Lipcte Peabad 8 | May 5, 2022
B o

*Did not meet primary endpoint for efficacy
**PARP inhibition alone is insufficient

USC Norris Comprehensive Cancer Center
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Systemic Therapies — CDKN2A

CTNI-47. PHASE I1 STUDY OF ABEMACICLIB IN RECURRENT AT TTLE A e
GBM PATIENTS WITH CDKN2A/B LOSS AND INTACT RB @ e I

Eudaocia Lee, Alona r-1yzikansk;-, Isabel Arrillaga-Romany, ggnn-ma ChukWueke,lTimathy Claughesf'g.r, o oy - e _mm e - N o — - —
Howard Colman, Mariza Daras, John de Groot, Jose Mcfaline-Figueroa, Lakshmi Nayak, Robert Prins,

B u [ |
David Rearden, Jennie Taylor, Keith Ligon, Patrick Wen ol el BTl " il ok il

Neura-Oncology, Volume 22, 1ssue Supplement_2, November 2020, Page ii53,
https://doi.org/10.1093/nevonc/noaaz15.213

Abemaciclib (n=32) RT/TMZ + RT/TMZ + aTMZ

6-PFS | 9.37% 95% Cl 2.4-22.27% Abemaciclib (n=73)  Control (n=69)

PFS 55 days 95% Cl. 49-56 PFS | 6.54 months 5.88 months HR 0.67, p=0.03

0s | 384 days 95% Cl. 228-488 *Activated CDK4 HR 0.64, p=0.04
OS | 15.5 months 15.5 months HR 0.9, p>0.05

USC Norris Comprehensive Cancer Center

Keck Medicine of USC




Systemic Therapies—Exportin 1

N e o S B d: BIITFLEY "RAY . ELT

" o | ===
B, S—
I I 5 -y S e
ArmB Arm C Arm D | . " b L
Selinexor 50mg/m2 BIW  Selinexor 60mg BIW  Selinexor 80mg QW | . ! =1
(n=24) (n=13) (n=30) | . ; .
6-PFS | 10% 7.7% 17.% =
PFS 1.6 months 1.9 months 1.9 months !
[ |
(0} 10.5 months 8.5 months 10.2 months |
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Systemic Therapies—Exportin 1

N e o S B d: MIITELEY "RY . ELT
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Coming soon!

Protocol #10505:

Arm B ArmC ArmD Phase 1/2 trial of selinexor and temozolomide
Selinexor 50mg/m2 BIW  Selinexor 60mg BIW  Selinexor 80mg QW in recurrent glioblastoma
(n=24) (n=13) (n=30)
6-PFS | 10% 7.7% 17.%
PFS 1.6 months 1.9 months 1.9 months
oS 10.5 months 8.5 months 10.2 months MATICHAL CANCER MwTITUTe

USC Norris Comprehensive Cancer Center

Keck Medicine of USC




Systemic Therapies—Immunotherapy

Antigen
Cancer Cell Presenting
* Peptide vaccine Cell

* Oncolytic virus

Dendritic Cell
* Vaccine

Cytotoxic T cell
* Adoptive transfer (CART)
* Immune checkpoint blockade

Myeloid Derived Suppressor Cell
NK Cell

USC Norris Comprehensive Cancer Center

Keck Medicine of USC



Pantitumumab ':("Ullmilb D Manoclonal
m I@] @;m antibodies (mAbs)

|:| Isatope labeled

Systemic Therapies—Peptide Vaccine - Ve o

OG 45.;?_3 < ""‘.;‘ Vaccings
racellular it 5 [[] Tyrosine kinase
Eﬂspa-:l:: F % EGFRvIII ?rf:fglug:)slt;illi:
- . First generation
( Adatinib | U 1
4 G“'“nm =] " N O
Lapatinib - \
Cytosol
Immunotherapy Treatment Setting Phase  Sample Size PFS (m) OS (m)
ACTIVATE Rindopepimut after RT New Il N=18 14.2 (vs historical control 6.4) 26.0 (vs historical control 15.2)
ACT Il Rindopepimut + TMZ vs. Rindopepimut | New Il N=22 15.2 23.6
+ Dose Intense TMZ
ACT 1l Rindopepimut after RT New Il N=65 12.3 24.6
ACT IV Rindopepimut vs. control New 1l - 20.0 (p=0.93)
*Early termination for futility
ReACT Rindopepimut vs. BEV Recurrent Il N=170 -- 12.0 (vs 8.8 bevacizumab) (p=0.02)
SurVaxMm SurVaxMm New I N=9 17.6 86.6
SurVaxM SurVaxMm New I N=63 15.5 30.5
SurVaxM + Pembro SurVaxM + PEMBRO Recurrent Il --
GlioVac Sitoiganap vs BEV Recurrent Il N=84 -- 10.5
*FDA recommended early termination
to start Phase Il study (April 2021)
IMA950 New N=45 - 15.3

USC Norris Comprehensive Cancer Center
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Systemic Therapies—Oncolytic Virus
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Liau. Clin Cancer Res (2005)

SySte m iC Th e ra p i es —_— D C Va CCl n e Liau. J Translational Med (2018)

Mulholland. Front Immun (2022)

Overall Survival in Newly Diagnosed GBM

Frontiers in Cancer Immunotherapy

1.0 7
New York Academy of Science 094
S Hazard Ratio 0.80 (-, 0.94)
- DCVas-L vs External (98% CI)
May 10, 2022
@ p-value <0.002
[ 1-siched bog-rank
g
L] 0.5+
B
> 044
E ® External Comirols
% 0.34 & DCVax-L
Vaccinale with & 0.2
tumor-antigen CD8* '
pulsed T cell
dendm:c cell 0.1 1
. & 16.5 18.3
A Q' ’ 0.0 . . ‘ v .
t\}“} = 8| g ’ ﬁ o 12 24 38 48 0
Tumor antigen S e
L p[ﬂsﬂnlﬂtlﬁn i1
oot / patient's tumor- [Activation of tumor-specifi ML) RandR Eion
with tumor antigens spacific T cells mnor u"l“
) Number at Risk
232 178 81 45 35
1366 BaE 306 62 7 1]
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Systemic Therapies—DC Vaccine

Srivastava. Cancers (2019)
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Systemic Therapies—DC Vaccine

Srivastava. Cancers (2019)

Study
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Systemic Therapies—CAR T-cell

Immunotherapy

Treatment

Setting

First generation CAR ~ Second generation CAR
Linker
VH WL
scFv

Hinge

cD28 @ or 4188 §

Phase Sample Size PFS (m) 0S (m)

2010 (Baylor) HER2 CAR CMV-specific CTLs (HERT-GBM) Recurrent | N=16 3.5 months [11.1 months
2011 (NCI) EGFRVIII CART Recurrent 1/ N=18 1.3 months |6.9 months
2014 (UPenn, UCSF) EGFRVIII CART Recurrent Pilot [N=11

2014 (City of Hope) IL13Ra2 4-1BB-co-stimulatory CAR Recurrent I N=82

2016 (City of Hope) HER2(EQ)BBZ/CD19t+ T cells Recurrent | N=42

2016 (Duke) EGFRVIII CAR T (ExCel) New | N=3

2018 (UPenn) EGFR CART + PEMBRO Recurrent | N=7

2020 (City of Hope) Chlorotoxin Tumor-Targeting Domain CAR T Recurrent I N=36

2021 (City of Hope) IL13Ra2 CAR T +/- NIVO/IPI Recurrent | N=60

2021 (City of Hope) IL13Ra2 CART for Leptomeningeal Recurrent |l N=30

2022 (UNCQ) B7-H3 Autologous CAR T Recurrent | N=36

2022 (Stanford) B7-H3 CART Recurrent | N=39

2022 (U Florida) IL-8R modified CD70 CAR T (IMPACT) New | N=18

USC Norris Comprehensive Cancer Center

Keck Medicine of USC

Third generation CAR

ch28
4-1BB




Systemic Therapies—CAR T-cell

£.% The NEW ENGLAND
..~ JOURNAL of MEDICINE

Regression of Glioblastoma after Chimeric Antigen
Receptor T-Cell Therapy

@ Intracavitary CAR T-Cell Doses
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Brown. NEJM (2016)




Systemic Therapies—Checkpoint Blockade

Immunotherapy

Treatment

Setting

Sample Size

ORR (%)

Carter (2016) IPI + BEV Recurrent Retrospective |N=16 31.0 -- --
Blumenthal (2016) PEMBRO Recurrent Retrospective |N=10 -- -- 2.6 [Range 0.4-11.6]
Chamberlain (2017) NIVO Recurrent Retrospective | N=16 0.0 2.0 (95% ClI 1.3-2.7) 35 (95% Cl 2.8-4.2)
Omuro (2018) NIVO Recurrent I N=10 11.0 1.9 (95% Cl 1.3-4.6) 10.4 (95% Cl 4.1-22.8)
CheckMate 143
NIVO + IPI Recurrent I N=10 0.0 1.5 (95% Cl 0.5-2.8) 9.2 (95% CI3.9-12.7)
NIVO + IPI Recurrent I N=20 10.0 2.1 (95% Cl 1.4-2.8) 7.3(95% Cl 4.7-12.9)
Mantica (2018) NIVO (+ BEV) Recurrent Retrospective |N=37 0.0 4.6 [range 0.5-15.0] 6.5 [range 0.8-19.5]
Lukas (2018) ATEZO Recurrent I N=16 6.0 1.2 [range 0.7-10.7] 4.2 [range 1.2-18.8+]
Reardon (2020) NIVO vs. BEV Recurrent 11 N=369 NIVO 7.8% [NIVO 1.5 (95% Cl 1.5-1.6) NIVO 9.8 (95% Cl 8.2-11.8)
CheckMate 143 BEV 23% BEV 3.5 (95% Cl 2.9-4.6) BEV 10 (95% Cl 9.0-11.8)
Cloughesy (2019) Neoadjuvant Recurrent Il N=16 33 13.7
PEMBRO
Adjuvant PEMBRO Recurrent Il N=16 2.4 7.5
Schalper (2019) Neoadjuvant Both I N=29 4.1 (95% Cl 2.8-5.5) 7.3 (95% ClI 5.4-7.9)
NIVO
CheckMate 498 (2019) | MGMTun New I N=560 -- *did not meet primary endpoint of OS
NIVO+RT vs. RT/TMZ
CheckMate 548 (2020) | MGMTm New I N=693 *did not meet primary endpoint of PFS | *did not meet primary endpoint of OS

NIVO+RT/TMZ vs.

RT/TMZ

USC Norris Comprehensive Cancer Center

Keck Medicine of USC




Future Directions



Future Directions

Combination Therapies
Radiation
Laser interstitial therapy
Tumor Treating Fields
TIM3, IDO1
Other immunotherapies

Breaching the blood brain barrier
Penetration of therapies

USC Norris Comprehensive Cancer Center

Keck Medicine of USC

Assessment of response/progression
Lack adequate imaging techniques

Diffusion-weighted sequencing
Labeling dendritic cells with iron oxide/indium

pH via chemical exchange saturation transfer (CEST)
PET probes
Biomarkers (tissue, CSF, blood)

Clinical Trial Design
Factorial design to evaluate multiple therapies at once

Adaptive design




Thank you!

chow@usc.edu

USC Norris Comprehensive Cancer Center
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