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Primary and metastatic Brain Tumors

Brain metastases

Primary Brain Tumors
 ~98,000-200,000 patients diagnosed annually

« ~ 24,000 malignant brain tumors per year

« ~17,000 deaths per year * Upto 30% of patients with stage IV cancer

« Median survival 3-6 months

« Largely excluded from clinical trials
 Represent an active focus of clinical research

« Upcoming evidences of Immunotherapy activity in BM



2021 WHO Classification of Tumors of CNS

MNewly Recognized Tumar Types

Diffuse astrocyloma, MYE- or MYEL 1-altered

Polymorphous Jow-grade neuroepithelial tumor of the young CMNSWHO Grades of Selectad Types
Diffuse low-grade glioma, MAPE pathway-alterad Astrocytoma, |DH-mutant 2,3.4
Diffuse hemispheric glioma, H2 G34-mutant Oligodendreglioma, |DH-mutant, and 1p/18g-codeletad 2.3
Difé ediatri high de ali H3-wild ncl|IDH-wildity Glicblastoma, IDH-wildtype 4
iffuse iatri-type high-gra ioma, wil ad - Wi
_ P A - vp . Diffuse astrocytoma, MYE- or MYEBL 1-alterad 1

Infant-type hemispheric glioma Polymorphous low-grade neurcepithelial tumor of the young 1
High-grade astrocytoma with piloid features Diffuse hemispheric glioma, H3 G34-mutant 4
Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclaar clusters (provisional typa) Pleomarphic xanthoastrocytoma 2,3
Myxoid gli Multinodular and vacuolating neuronal tumor 1

. . Supratentorial ependymoma?® 2,
Multinodular and vacuolating neurcnal tumor .

) ) . Posterior fossa ependymoma?® 2
supratentgrial epandymoma, YAFPT fusion-positive Kiyxopagillary spendymama 2
Pastarior fgssa epandymaoma, group PRA Meningioma 1,23
Posterior t§ssa ependymoma, group PFE Solitary fibrous tumor 1,2.3
Spinal epepdymoma, MYCN-amplified Grade is based on natural history and for some tumor types, definite grading criteria and understanding of natural history are not yet known. Note the

use of Arabic numerals.

Cribriform neuroepithelial tumor (provisional typsa) e e A et

CMNS neuroblastoma, FOXAZ2 activated

CHNS tumor with BCOR internal tandem duplication

Desmoplastic my=xoid tumor of the pineal region, SMARCE 1-mutant
Intracranial mesenchymal turmor, FETCRER fusion positive (provisional typel
CiC-rearranged sarcoma

Primary intracramial sarcoma, INCER I-mutant

Pituitary blastoma

Louis DN, et al. Neuro-oncology. 2021 Aug 1;23(8):1231-51.



Challenges to curing primary brain tumors

* Brain tumors are among the most feared of all forms of cancer.

* More than two-thirds of adults diagnosed with glioblastoma — the most
aggressive type of brain cancer — will die within 2 years of diagnosis.

* Brain cancers are also the most common and most lethal of all paediatric solid

tumors.

* Furthermore, children with these tumors who survive and enter adulthood will often be
affected by the long-term consequences of exposing the developing brain to medical

interventions, including surgery, radiotherapy and/or chemotherapy

Aldape K, et al. Nature reviews Clinical oncology. 2019 Aug;16(8):509-20.



Changing incidence and improved survival of gliomas @Cmssm

Vincent K.Y. Ho ™", Jaap C. Reijneveld °, Roelien H. Enting, Henri P. Bienfait °,
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B glioblastoma (EAPC 3.1%, p<0.001) B anaplastic astrocytoma (EAPC 4.8%, p<0.001)
Bdiffuse astrocytoma (EAPC -1.2%, p=0.013) DOastrocytoma, NOS (EAPC -10.3%, p<0.001)

IAge-slandardised incidence rates for astrocytic tumours in the Netherlands from 1989 to 2010.|

Incidence of gliomas in adults increased over time, from 4.9 per 100,000 in 1989 to 5.9 in 2010. Two thirds were astrocytoma, 10%
oligodendroglioma/oligoastrocytoma, 3% ependymoma and 21% were unspecified. Within the group of astrocytic tumours, the proportion

I glioblastoma rose, while the proportion of anaplastic and unspecitied astrocytoma decreased. Over the course of the study period,
Elinblastnma patients more often received multimodality treatment with chemotherapy concomitant and adjuvant to radiotherapy. The
crude two-year survival rate of glioblastoma patients improved significantly, from 5% in the time period 1989-1994 to 15% in 2006—
2010, with median survival increasing from 5.5 to 9 months. The incidence of low-grade gliomas did not change over time. Survival rates
for low-grade oligodendroglial and mixed tumours show a modest improvement.




Incidence in Future?

Number of newly diagnosed cases of glioblastoma is expected to increase in
the US, France, Germany, and Japan
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Decision Resources: Glioblastoma Multiforme. September 2013




EPIDEMIOLOGY

Glioblastoma (GBM) Low grade gliomas (LGGs)

Most common primary brain tumor of adults

5-10% of all gliomas
Most aggressive (15 months median overall ° 5

. Age at diagnosis: 30-50 years
survival)
Incidence: 4-5/100.000/year Most common symptom: seizures

Male to female ratio = 1.3:1

Median age at diagnosis
+ Primary glioblastoma: 64 years
+ Secondary glioblastoma: 45 year



History and Evolution of Brain
Tumor Imaging: Insights through
Radiology’

Early era Precision neuroradiology

First 50 years
Current advances




Early era

Plain radiograph Pneumatoencephalograms Cereberal angiography

After discovery of Xrays 1918 1928



Precision neuroradiology
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Newer imaging modalities

Diffu

Eloquent

Magnetic resonance spectroscopy (MRS)
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Radio Genomics




Molecular testing

* IDH1 and IDH2 (isocitrate dehydrogensase) mutations
e Good prognostic marker

* Can be done by IHC, PCR or pyrosequencing T

e 1p19q co-deletion
* Mainly seen in ODG
* Good prognostic factor

081 ‘!

e Can be done by PCR, FISH
e ATRX gene mutation (alpha thalassemia-mental

Tirre o lroatmeont faijurm

— ATEX 3a

retardation, X linked) | TP opsmicn
* Seen in 45% of anaplastic astrocytoma R e
* Considered as hallmark of astrocytoma NOA-04 trial

* ATRX loss is a good prognostic factor
e Can be done by IHC,FISH, PCR



Glioblastoma, IDH wild type, WHO grade 4

Treatment at diagnosis :

[ Biopsy or resection followed by early (<48h) postoperative MRl or CT (baseline for monitoring and detection of progression) ]

{ 7 1 ) )

Favourable Unfavourable Unfavourable [ Unfavourable Very unfavourable
prognostic factors prognostic factors prognostic factors prognastic factors prognostic factors
= Age <70 years = Age <70 years = Age =70 years = Age =70 years «KP5 <50
* KPS 270 KPS <70 * MGMT promoter » MGMT promoter or

non-methylated methylated inability to consent

L J { J J ) (fotreatment EVIDENCE-BASED
l | | l

[ Temozolomide ) rRar:liﬂthﬁrapy ( Radiotherapy rFTErrrmJ-r.t:-lf:nmit:lr:'r OPEN Y=
chemoradiotherapy | | (hypofractionated) (hypofractionated) chemaoradiothemapy EANO guidelines on the diagnosis

or temozolomide . .
\ / and treatment of diffuse gliomas
L X J ) of adulthood

F I.I. Michae! Weller'=, Martin van den Bent(y?, Maithias Preusser(®®, Emilie Le Rhun®557,
o llow-up I Jeirg C. Tonn®, Giuseppe Minniti®, Martin Bendszus'®, Carmen Balana'', Olivier Chinal'?,
) Linda Dirven™ 'S, Pim Frenchn '™, Monika E. Hegi's, Asgeir 5. Jakola@ '™ '8,

5 . b 4 ", A

Michae! Platten'®™, Patrick Roth', Roberta Rudé®!, Susan Shorte™, Marien Smitsm ™,
Martin J. B. Taphoorn'™.'%, Andreas von Deimling®*2%, Manfred Wesipha®s,
Riccardo Sofffettin®', Guido Reifenberger?™?® and Wolfgang Wick 2=

( 2-3-monthly intervals: neurological examination and imaging

MATURE REVIEWS | CLINIC AL ONCOLOGY

Progression/ recurrence ¥
L et
Options determined by KP5, neurological function and prior treatment
= Repeat surg
= Alkylating chemotherapy
*Bevacizumab
s Re-irradiation
= Experimental therapy

—l-[ Palliative cn]

Michael Weller Content of this presentation is copyright and responsibility of the author. Permission is required for re-use. m



It repairs methylation of DNA

It also reverses the cytotoxic effects of alkylating agent

MGMT (O-6 methylguanine methyltransferase)

promotor status

Is crucial for genome stability

Tumor

methylated
« turned off »

_ T

no expression
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Promoter region

|

Normal _

MGMT GENE
expression

—

Inactivation of MGMT makes it sensitive to alkylating agent

Is a prognostic and predictive marker

Done by PCR, pyrosequencing
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CLASSIFICATION OF BRAIN TUMORS

Histology Astrocytoma Oligoastrocytoma Oligodendroglioma Glioblastoma
/I\
el IDH mutant IDH wild-type IDH mutant IDH wild-type
/\ Glioblastoma, IDH mutant
1p/19q and. ATRX loss*
other genetic TP53 mutation® 1p/19q loss
parameters o Glioblastoma, IDH wild-type

|

Diffuse astrocytoma, IDH mutant

Genetic testing not done

Oligodendroglioma, IDH mutant and 1p/19q codeleted 3 h
or inconclusive

v

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

Diffuse astrocytoma, NOS
Oligodendroglioma, NOS

£ Oligoastrocytoma, NOS
C -
= characteristic but not Glioblastomna, NOS

required for diagnosis




Challenges in Response Assessment:

Pseudoprogression Pseudoresponse

Apparent increase of tumor lesion
imaging that is not due to
actual tumor growth

Apparent decrease of tumor lesion on
on imaging that does not reflect
true tumor reduction

¥

Observed in 5%-31% patients* after Often occurs with antiangiogenic
RT/chemotherapy agents such as bevacizumab

¥

-Also been observed after treatment
with immunotherapies, but is often
followed by tumor regression

-Apparent increases in tumor lesions
in these cases may be a result of
immune-cell infiltration of the tumor




Current Standard of Care

Local + Distant Control

Maximum Surgical Resection

N2

Radiation + Temozolomide

J
TMZ for 26 months

NCCN. Clinical practice guidelines in oncology: central nervous system cancers. v.2.2021. nccn.org.



NEUROSURGERY

+ Objective: Maximal safe resection & histological + molecular confirmation

+ The extent of resection is a prognostic factor but the prevention of new
permanent neurological deficits has higher priority

+ Only complete tumour resection (at least all contrast-enhancing tumour on
MRI) has a positive prognostic impact on gliomas

+ Indication for either tumour resection or stereotactic biopsy depending on:
+ Tumour localisation, risk factors, age and comorbidities

+ Preoperative +/- intraoperative advanced neuroimaging to plan neurosurgery
improves oncological and neurological outcomes



Radiotherapy for gliomas

High precision:
- Thermoplastic mask/non-invasive frame
system immobilisation
- Image guidance positioning

Adverse effects of radiotherapy

Fractionated RT is well tolerated

Acute toxicity: Late toxicity:
e Alopecia e Radiation necrosis
e Decline in cognitive function
* Prevention: Avoidance
of hippocampus

e Fatigue

Dose distribution for potential hippocampal
avoidance



RA Plan




PROTON BEAM THERAPY




Chemotherapy in high grade glioma

[

0

Nitrosoureas

I Historically were standard choice of chemotherapy

I Lipid-soluble agents and can cross the BBB

I BCNU has mainly been evaluated as single-

agent therapy

Dose 150 to 200 mg/m2 i.v6 to 8 weekly

Toxicities myelosuppression, drug-

induced pulmonary fibrosis incréases
with cumulative dosages

e at viels

Events Total

1484 1698 == RT1-+chemotherapy
1175 1306 ====RT alone

T T T T 1

12 24 36 48 60

Time since randomisation (months)

CCIAl reatine o LA ragly detn motherapy .
dates groups histology SUrgery
Included
— JR—
26 1969-72 2/4% Anapiastio glioma  Definitive 6 Whole bean, 50-80 Gy, Carmustine B0 mg/m’ x3
surgicnl 30-35 fractions ntravenousty, every 58 weeks
rosection 6-7 wotks
27 1974-T73 2/3% Hghgrode Resaction, 2 Whole brain; 40-45 Gy; 25 Lomustine 130 mg/m’ orally, every 6 weaks
astrocytoma biopsy fractions: 4.5 weeks, cobait60
29 1972-7T6 MI Ghoblastoma Tots! or 2 Tumour arvd margin: 50 Gy: Cannustine 80 mg/m' < 3 mtravenously, every
multiforme subtotsl 25-30 fractions; 5 weeks 5B weeks. lomusting 130 mg/m’ orally
resection every 5-8 weeks
30 1974-79 3/43% Astrocytoma, Resection, 4 Whole beain, 80 Gy, 35 Carmustine 80 mg/m' x 3 mtravenously
grade /v biopsy fractions; 7 weehks, every 6-8 weeks: methyt lomustine
[Karmahan) megavoltage 125 mg/nv orally, every 8 weeks,
dacarbanne 150 mg/ay « 5 ntavenously
every 4 weeks)|
28 1972-75 3/4% Malignant glioma Definitive 3 Whole brain; 60 Gy; 30-35 Methyl loenustine 220 mg/m’ onally
surgery [rpcticne. BT wechs every 68 weeks, canmustine 80 mg/m’ <3
megavoitags niravenously, eve &
pum—
el 27418 2/4% Malignant glioma Defintive 3 Tumour ard mangin; 50 Gy, Carmustine 80 mg/m’ <3 intravenously, sve
BT 2 3 " o - - = ’,’l’fﬁ‘
e g ™
evory 8 weeks
31 1975-78 ** Maiignant Optimum 4 Tumowr arst mangir; 55-80 Gy, Lomustine 130 mg/m’ orally,
gloma rosection 30 fractions; 6 weeks: betatron, epipodophyliotoxn 60 mg/m
12lecobalt, inear accaleralor ntiavenously, every 6 weeks
33 197881 AN (oblastoma, At feast 4 Tumour and mangirs. 51 Gy Mitotactol 400 mg/m’, every 5 days dunng
malgnant subtotal 25-30 fractionn. 5-6 weeks, madiotherapy, with 1 month rest then repest
astrocytoma nesecton cobolt80 mitclactol 400 mg/m’, evesy 5 doyn durmng
grade Il madiotherngy, with & weeks rest then (day 1)
(WHO/ Zutch) omustine 100 mg/m’ followed by dacarbazine
200 mg/ny’, every 5 days x7
34 NK All Ghoma (high and Resection 3 Turnowr and mangin. 60 Gy Lomustine 100 mg/m’ orslly, every
low grade 30 fractionn; 6 weeks: cobalt 80 6-8 weeks
Un 1982.-87 Al Malignant Optimum 3 Tumour and margin; 56-80 Gy, Before radothenapy: lomustine 130 mg/m
astrocytoma, resection 30 fractions; B weehs; betatron, orally, plus eptpodophytiotoxin 100 mg/m
publ gliotlastoma telecobalt, Iinear accelerator ntravenousty, every B wooks 3 courses
ependymo
blastoma,
olgondendroghioma
35 198697 Al Astrocytoma Resection, 6 Tumowr and mangin, 45 Gy, Lomustine 100 mg/m’; procarbazine
grade NI/ biopay 20 fractions; 4 weeks: or 60 Gy: 100 mg/m’ orally « 10; vincristine
(WHO/Zukh) 30 fractions; 6 woeks: or 56 Gy, 1.5 mg/m’, every 6 wooks
34 wicadally fractions$s
36 1539-91 AN Anapiaste Resection, 4 Tumoor ard margin: 60 Gy, Dacarbazne TOO mg/m' <6 orally during
astrooytoma stereatactc 30-35 fractions; 6-7 weeks; isdiothesapy, then camusting 150 mg/m
globlastama biopsy cobalt60 or megavaltage ntravenously. dacarbazine 1000 mg/m’ orally
(stratifiod) every 6 weeks
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Survival following adjuvant PCV or
temozolomide for anaplastic astrocytoma

Alba A. Brandes,’ Linda Nicolardi, Alicia Tosoni, Marina Gardiman, Paolo luzzolino,

“a

A 0 ? L % 4 [ 1] 72 ae %
Toxicity PCV Temozolamide

Hematolgical 9% 4%

Neuro-Oncology 8, 253-260, 2006



Targeted therapy

[ Challenges limiting the efficacy :-

» difficulty in crossing blood brain barrier
» heterogeneity of tumors
» lack of accurate and reproducible biomarker

» difficulty in assessing target modulation



2009 for use in recurrent GBM:
| Bevacizumab received approval by the US Food and Drug Adminstration (FDA) in

Study Arms Study Setting
BEV 28 4.2 9.2
BRAIN I Recurrent 167
L. glioblastoma 38
BEV + irinotecan 5.6 8.7
NCI BEV I Recurrent 48 35 16 wks 31 wks
glioblastoma
Recurrent
JO22506 BEV I glioblastoma 31 28 3.3 10.5
(Japan)

) BEV + RT + TMZ = Newly diagnosed
[ 921 NA * t
AVAglio Placebo + RT + TMZ 11| glioblastoma 10.6 vs 6.2* 16.8vs 16.7

» Only transitory clinical and radiographic benefit for a few month
» Main benefit is secondary to reduction in cerebral edema

]
Contral Cahort [

Control group — TMZ BYZ Cotort mem | = Control Cohort
BVZ group- BVZ/CPT-11 S oa R | BVZ Cohort e
| Pp=0018 | Log Rank
p=0,001

BVZ/CPT-11

High dose bevacizumab 15 mg/kg 3 weekly
irinotecan 125mg/m2on D1, 8, 22, and 29

Frobatiity of Overall Survival

..... - — +—

_Sarichez et alOncol Lett. 2012 Nov; 4(5): 111411185




Immunotherapy

0 Based on concept of harnessing the patient's

. . . Registration number New/recurrent/metastatic Therapy Number of patients Phase
own immune system to stimulate an antitumor
EGFRVIII vaccine
res p onse NCT01480479 New Rindopepimut/GM-CSE n =700 Phase I1I
NCTO00626015 New EGFR\EI }:{:‘szjiéi\'accine, 3 experimemallversus 3 Bilot

[ Immunosuppression is inherently associated o Ne B g R

with glioblastoma and is mediated by a variety ) New EGERVII peptde vaccine Phase 1

. [39] New EGFRVIII peptide Vaccine, TMZ =22 Phase I

Of m ec h a n I S m S [40] New Rindopepimut (CDX-110) n=65 Phase IT
Héa.f.-s’r:ock protein (HSP)

Current Status Of I mmunOthera py and Gene Thera py jz;ivls‘:—fl} Recurrent HSPPC-96 C, bevacizumab n =222 Phase IT
for High-Grade Gliomas James C. Marsh, MD, Justin o e i ha s o
Goldfarb, MD, Timothy D. Shafman, MD, and
Ai d ] a g Z . D i a Z’ M D, M P H New DC vaccine against cancer stem cells n=11 Pilot

New + recurrent C vaccine, toll-like receptor agonists n=23 Phase I
. New DCVax*-L n =300 Phase III
Conclusions [o5] New DC vaccine n=10 Pilot
[99] New DC vaccine n=_8 Pilot
. o« e [100] New DC vaccine n=5 pilot
Although phase Ill data are lacking, the existing o1 S S - Phise
preclinical, phase |, and phase Il data suggest that . e R - e
immunotherapy potentially offers a new approach -
. . . . Adoptive T-cell therapy
in the treatment of high-grade gliomas, both in the New + recurrent CAR T-cells to EGFRVIT Phese
e ege . . New MV-autologous lyvmphocyte transfer n=12 hase
initial treatment setting and in the context of . i S N : i
NCT01109095 ecurrent Baphocptes n=1 hase
recurre nt t umaors. NCT01454596 Recurrent CAR T-cells to EGFRVIII n =160 Pﬁ;e
NCT02208362 Recurrent + refractory Enriched T-cells expressing IL13Ra2 n=44 Phase I
[93] Recurrent CMV-specific T-cells n=19 PhaseI




Recurrent Glioblastoma:
Nearly Universal and Still a Challenge

Response . Median 6-Mo PFS
Rate, % Median OS PFS/TTP Rate, %
BCNU!? Alkylator 40 15 7.53 mo TTP: 13.3 wk 17.5
Gefitinib23 EGFR 57/38 0-13 39.4 wk TTP: 8 wk 9-13.2
.. 48/38 PFS: 2 mo
4-6 - =
Erlotinib EGFR /16 6.3 6-9.7 mo TTP: 145 d 3-20
Imatinib’-8 PDGFR 50/35 3-6 5.9 mo PFS: 1.8 mo 6-8
TTP: 9 wk
T 9,10 - -
Temsirolimus mTOR 43/65 0-5 4.4 mo TTP: 2.3 mo 2-8
Various
11 ’ * .
Pooled ph Il 1998-2002 291 7 26 wk PFS: 7 wk 9

*Response rate reported for n = 437 patients who received TMZ or other therapies.

1. Brandes, Neurology 2004;63:1281. 2. Rich. JCO. 2004;22:133. 3. Lieberman. ASCO 2003. Abstr 421. 4. Yung. Neuro Oncol.
2010;12:1061. 5. Raizer. Neuro Oncol. 2010;12:95. 6. Vogelbaum. ASCO 2004. Abstr 1558. 7. Raymond. JCO. 2008;26:4659.
8. Wen. Clin Cancer Res. 2006;12:4899. 9. Chang. Invest New Drugs. 2005;23:357. 10. Galanis. JCO. 2005;23:5294.

11. Lamborn. Neuro Oncol. 2008;10:162.



Regorafinib (REG, Multi-TKI): Improves 6-Mo PFS, OS in
rGBM?

= Randomized, multicenter, open-label phase Il trial in Italy

Regorafenib 160 mg PO QD
Adults with GBM with for 3 wk on/l wk off

first progression after (n = 59) Until PD, unacceptable

surgery followed by toxicity, consent

RT + TMZ \ Lomustine 110 mg/m* PO withdrawal, or death
(N =119) on D1 of every 6-wk cycle

(n = 60)

Treatment 6-Mo PFS Median OS, = Positive treatment arm or

Arm Rate, % Mo

Regorafenib

= Negative control arm?
16.9 7.4

(n =59) = GBM AGILE trial ongoing
Lomustine - - (NCT03970447)
(n =60)

— nGBM and rGBM

Lombardi. Lancet Oncol. 2019;20:110.



FGFR Abnormalities in Solid Tumors: Fusions

Frequency of FGFR aberrations Cases with FGFR
(4,853 patients) aberrations

Urothelial carcinoma

Breast carcinoma
Endometrial adenocarcinoma
Ovarian carcinoma
Carcinoma unknown primary z =)
Glioma — ~8% of gliomas
Cholangiocarcinoma

Gastric adenocarcinoma
Nonsmall cell lung carcinoma
Pancreatic exocrine carcinoma
Colorectal carcinoma

Renal cell carcinoma
Neuroendocrine carcinoma
Head and neck (squamous)

All FGFR

aberrations
] 7%

>1 FGFR
aberration
5%

@

Melanoma
Leiomyosarcoma mFGFR1 BFGFR2 BFGFR3 OFGFR4
Sarcoma (all) # Amplification  @Mutation D Rearrangement

| [ 1 ] | | [ [ T 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Percentage of tumors with aberration

Singh. Science 2012;337:1231. Di Stefano. Clin Cancer Res. 2015;21:3307. Lasorella. Neuro Oncol. 2017;19:475. Helsten.
Clin Cancer Res. 2016;22:259.



FGFR Abnormalities and Infigratinib

" FGFR-TACC fusions
— Predict response to FGFR TKIs in vitro and in vivol?
— Role of FGFR amplifications or other mutations less clear

= |nfigratinib: FGFR1-3 TKI in development for FGFR-driven cancers with
high disease control rates, with accelerated FDA approval for FGFR
fusion—positive advanced cholangiocarcinoma3*

* Conducted international phase Il study for FGFR-altered recurrent
glioma

1. Di Stefano. Clin Cancer Res. 2015;21:3307. 2. Singh. Science. 2012;337:1231.
3. Javle. JCO. 2018;36:276. 4. Pal. Cancer Discov. 2018;8:812.



Selinexor: First-in-Class, Oral Selective Inhibitor of
Nuclear Export

n EXpO rtin 1 ()(PO]_)l OS in Patients With Glioma From R2 Genomics
~ 100 Database (N = 273)?

%o

— Major nuclear exporter
Low CRM1/XPO1 expression (n = 142)

— Protein mislocalization = 80- High CRM1/XPO1 expression (n = 131)
ﬁ P <.01
— Higher expression correlates =3
with worse prognosis in GBM? =

|

= Selinexor3
— Selective XPO1 inhibitor

Owverall surviv
Bok
i

— FDA accelerated approval for

L L B 1 § L
MM (2019)%, DLBCL (2020)° 0 24 48 72 96
Months
1. Green. Neuro Oncol. 2015;17:697. 2. Liu. J Hematol Oncol. 2016;9:108. 3. Argueta. Oncotarget. 2018;9:25529.
4. FDA. FDA grants accelerated approval to selinexor for multiple myeloma. 5. FDA. FDA approves selinexor for relapsed/refractory
diffuse large B-cell lymphoma.



Durable Response to Selinexor

Pre-baseline Baseline Partial Complete
Response Response

Subsequent trial in newly diagnosed and recurrent GBM ongoing (XPORT)

Lassman. Clin Cancer Res. 2022;28:452.



Conclusion of KING Trial

= At 80 mg weekly, single-agent selinexor induced responses and

clinically relevant PFS6 with manageable side effects requiring dose
reductions.

= Ongoing trials are evaluating safety and efficacy of selinexor in
combination with other therapies for newly diagnosed or recurrent
glioblastoma.



ICI therapy in recurrent GBM

Phase | data, Recurrent GBM:

Immune checkpoint inhibitors in first recurrence after radiation/temozolomide (bevacizumab-naive)
.|

Pembrolizumab (PD-1) Nivolumab (PD-1) Durvalumab (PD-L1)
* Nn=26 « n=10 * n=30
* 4% ORR (1 patient)  10% ORR (1 patient) * 13% ORR (4 patients)
» 0S-12 mo =74% * 0S-9 mo =60% * 0S-12 mo = 44%
» 15% grade 3/4 AEs  No grade 3/4 AEs * 10% grade 3/4 AEs

Reardon DA et al, SNO Annual Meeting 2016
Lim M et al, ASCO 2016



[A] Probability of OS by intervention Probability of progression-free survival

Median OS Median PFS
Events, (95% Cl), 0OS Rate (95% Cl), % Events, (95% c|)' PFS Rate (95% Cl), %
Intervention | No. months 6 Months 12 Months 18 Months Iintervention | No. months 6 Months 12 Months 18 Months
Nivolumab |[154 98(8.2-11.8) |72.3(65.2-78.2)|41.8(34.7-48.8)|21.7 (16.1-27.9) Nivolumab |[171 1.5(1.5-1.6) 15.7 (10.8-21.5)| 10.5 (6.5-15.5) [5.8(3.0-10.0)
Bevacizumab| 147 10.0(9.0-11.8)|78.2(71.2-83.6)|42.0(34.6-49.3)|21.6 (15.8-28.0) Bevacizumab|146 3.5(2.9-4.6) |29.6(22.7-36.9)|17.4(11.9-23.7) |18.9(5.1-14.1)
1.0+ 1.04
0.97 ~— Nivolumab 0.91
0.8- — Bevacizumab 0.8-
8 0.74 § 0.7 -
"'i 0.6 - 0.6
= 0.5 £ 0.5-
E 0.4 HR, 1.04 (95% CI, 0.83-1.30) - 0.4 HR, 1.97 (95% Cl, 1.57-2.48)
R P=76 = P<.001
e L & 0.3
0.2 0.2
0.1 0.1+
0 1 I T 1 1 1 1 1 1 0 1 1 1 1 T 1 1 T 1
0 3 6 9 12 15 18 21 24 27 0 3 6 9 12 15 18 21 24 27
Months Months
No. at risk No. atrisk
Nivolumab 184 168 133 96 77 59 39 24 El 0 Nivolumab 184 41 27 19 18 12 10 7 1 0
Bevacizumab 185 169 135 a9 72 48 37 14 5 0 Bevacizumab 185 88 46 32 27 19 12 3 1 0

Reardon DA et al, Jama Oncology 2020



ICI therapy in newly diagnosed GMB

Neuro-Oncology

XX(XX), 1-12, 2022 | https//doi.org/10.1093/net ac099 | Advance Access date 14 April 2022

Radiotherapy combined with nivolumab or
temozolomide for newly diagnosed glioblastoma with
unmethylated MGMT promoter: An international
randomized phase III trial

A Median overall survival A 7
Events, n (95% Cl), mo Nrvolumab + RT + TMZ  Placsbo + RT + TMZ.
Nivolumab plus | | LLL LA
radiotherapy iad 1BAIZE13) 274 283
Temozolomide plus 1% e
89-118 97-125
radiotherapy 218 14.9 (13.3-16.1) foad -1 9.7-1
MR 51 06% LA 06-1.50) o whe Nivohumab «+ AT + TMZ
1.0 4 Mhgac L 1 % ClI, 1.1 o 4
P = 0.0037 =@~ Placabo + AT + TMZ
09 80 4 A® Censored
T HR, 1.1 (85% CI, 0.9-1.
S o8 b = ( 09-1.3)
& o7 —a— Nivolumab
a 4~ Temozolomide _. 801
= £
g 0.6 ® 4 Censored g~
305 £ ol
o
g 04 30 4
3 03
E 20 4
£ 02 ~
o 10 M
0.1 -
o
00 T T T T T T T T v T
. 0 6 12 18 24 30 36 42 48 54

0 3 6 9 12 15 18 21 24 27 30 33 Months
Time, months
No. at risk it e o
Nivolumab 280 270 243 209 158 110 76 44 19 9 2 0 B
Temozolomide 280 272 242 212 166 131 92 67 37 19 2 0
B Median progression-free survival B Nivolumab + AT « TMZ  Placebo + AT « TMZ
Events, n | (95% CI), mo =358 n=358
Nivolumab plus [No.ofevents 289 267
radiotherapy |1 [606762) [PFS. medan mo 141 %
Temozolomide plus 85%CI 12.6-166 13.1-17.1
radiotherapy 240 6.2(5.9-6.7) SN 5% CI 2.6-16.6 2
: % =&~ Nivolumab + AT + TMZ
1.04 A HR, 1.38 (95% CI, 1.15-1.65) =@~ Placebo + RT + TMZ
= L 80 4 A® Censorsd
s
E 09 264 HR, 1.0 (95% C1, 0.9-1.2)
2 08 \
g o7 ~&— Nivolumab _ 6o
T \ ~# Temozolomide £
s \ » 507
3 06 ! @ A Censored 4 o
% o0s 401
o
£ 04 3 304 e
s 4
> 03 3 20
3 02 o4 -
_§ A
g o1 0
- 2 A& T T T T T T T
& 0.0 B ity 0 6 12 18 24 30 36 42 48 54
T —T T T T g o—y T T
0 3 6 9 12 15 18 21 24 27 30 33 No. at risk Months
Time, months Nivolumab « RT «
58 3 3104 8 REY. 1 4

No. at risk 3
Nivolumab 280 225 130 36 13 10 6 4 3 3 F ‘

1 0 14 118 2 3
Temozolomide 280 227 141 76 43 28 19 16 11 5§ 1 0 Omuro A et al’ Neurooncol 2022 Lim M Et al’ NeuroonCOI 2022
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Neoadjuvant anti-PD-1 immunotherapv -
a survival benefit with intratumor-’
immune responses in recurr”
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Clinical trials
of ICls

Musrbser Treatment Type of Study Setting N of patients
METD2337686 Pembrolizumab Phase i Recurrent glichlastoma (nSEM) 0
MCTO2667587  Mivalumak Phase Il Mewly diagnosed MGMT-methylated GBM &
MCTO2617589 Mivalumak Phasze Il Mewly diagnosed MGMT-unmethylated GBR 560
MCTO3047473  Adjuvant avelurnab Phaze I Mewly diagnosed GEM 30
MCTO2E52655 Mecadjuvant pernbrolzumab Phase | Surgically accessible recurrent/progressive GBM 25
MCTO2974621 Cediranib Phase II rGEM Fli]
MCTO31975306 Meocadjuvant pembrolzumab combined with Phase I Mewly diagnosed GEM 50

| uvamnt

AT/ TMZ/permbrolizumakb
MCTO3158389 Matches one of ¥ dregs to patients (APG101, Phase 1 MGMT-unmethylated GBM 350

idasanutlinalectinib, vismodeglb, atezolizurmakb,

Palbociclib, and temsirolimus) in wiew of

rmobecular markers after surgery.
MCTO3174197  Atezolizumab Phase 1 Mewly diagnosed GEM ED
METO3925246 Mhvolumab Phase i Recurrent IDH mutant GEM 43
MCTO3341806 Avelumab Phase | rGBM 13
MCTO3426891 Pembrolizumab Phase | Mewly diagnosed GEM Iy
MCTO4323046  Ipilimurmab/nivelumab+adjuwant nivelumakb Phase | Recumrent/progressive high-grade glioma 45
MCTO3532295 Epacadostat-+INCMGADDDT2 Phase Il rEEM 55
MCTOZT1B767 Adjuvant nivolumab Phase I IDH mutant glioma a5
MCTO3E99857 pembrolizumab Phase II newly diagnosed GEM 56
MCTO3493932 Mivolumab with BMS-986016 Phase | rGBEM i
MCTO3961971 MBGAS3 + Spartalizumab Phase | rGEBM 15
MCTO4047706 BMS 986,205+ nivolumab Phase | Mewly diagnosed GEM 30
MCTO4145115  [pilimumab+nivolumalks Phase I Somatically ypermutated glioblastoma 37
MCTO4225039 schedule Phase I rGEBM 32
MCTO4E26393 ASPE3IT4 + cemiplimab Phase Ib Recurrent high-grade glioma 24
MCTO4396860 |pilimumak Phasze 1170 Mewly diagnosed IDH wild type MGMT- 485

nivalumaky unmeathylated

glicblastoma

MCTOMB0B812 O5S2966 Phase | Mewly diagnosed GBEM 24
METO4729959 Tocllizumabsatezolizumalb Phase i raBM 12
MCTO4E1 7254  Ipilimumak Phase i Mewly diagnosed GBM or gliosarcoma 48
MCTOM4656535 AB154 + AB122 Phase o/ rGBM i
MCTO4922723  daratumumab Phase 1 Mewly diagnosed GEM 16
MCTO4952571 Camrelizumab+ bevacizumab Phase i raBM Ty




Medulloblastoma

* Medulloblastoma is a central nervous system (CNS) tumor of
cerebellar origin that comprises approximately 1% of all brain tumors.

* However, medulloblastoma is the most common malignant brain
cancer in children, accounting for 25-30% of childhood brain tumors
and over 40% of posterior fossa childhood tumors.

* Most patients present before 16 years of age, with over 70% before
10, a third of which are younger than 3 years old; very few cases
present under 1 year old.

* The median age of diagnosis in children is about 5-7 years

Fang FY, et al. Cancers. 2022 May 3;14(9):2285.



Molecular
Subtyping

Fang FY, et al. Cancers. 2022 May 3;14(9):2285.
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Clinical trials and therapies in development for
the four pediatric medulloblastoma subtypes

WNT Subtype

NCTO01878617: A Clinical and Molecular Risk-Directed Therapy for Newly
Diagnosed Medulloblastoma

Clinical trial: Reducing doses of craniospinal NCT02066220: International Society of Paediatric Oncology (SIOP) PNET 5
radiation and chemotherapy Medulloblastoma

NCT02724579: Reduced Craniospinal Radiation Therapy and Chemotherapy in
Treating Younger Patients with Newly Diagnosed WNT-Driven Medulloblastoma

Phoenix, et al. (2016) [31] reported that WNT antagonists block the formation of a
Proposed therapy: WNT antagonists blood-brain barrier, and thereby promote chemotherapy penetration and high
intratumoral drug concentrations.

SHH Subtype

Valcourt, et al. (2020) [32] and Caimanao, et al. (2021) [33] reported their
Proposed therapy: nanoparticles development of nanoparticles that encapsulate SMO or GLI inhibitors to improve
drug delivery to this tumor subtype.

Group 3 Sublype

Hug, et al. (2021) [34] reported therapeutic potential for ribavirin to reduce

3 - _ = o
Proposed therapy: Ribavirin medulloblastoma cell growth and prolong survival.

Proposed therapy: Anti-vascularization Thompson, et al. (2017) [35] reported increased vascularity in Group 3 tumors and
therapy proposed using anti-VEGFA anti-vascularization therapy to inhibit tumor growth.
Group 4 Sublype

Forget, et al. (2018) [36] demonstrated that the combination of TP53 inactivation
and aberrant signaling of the ERBB4-SRC receptor tyrosine may induce Group
4-like tumor growth. They suggested molecular therapies to inhibit these effects.

Proposed therapy: anti-ERBB4-SRC receptor
tyrosine kinase

Fang FY, et al. Cancers. 2022 May 3;14(9):2285.



Trial IDy Title Phase Treatment Target Indications Age M Status
ﬁ Ependymoma
A Study of Ewing sarcoma
Bempegaldesleukin High-grade glioma
(BEMPEG: NETR-214) in Leukemia and ]ymp]unn.:

i.v. nivolumab with

T Combination with . . wiiled Medulloblastoma -
M‘.;‘;;r“ Nivelumab in Children, 1/z be mFrEE':I:#;JE _Ukm PD1, CD122 Miscellaneous brain tumors Hiﬁ":f:ﬂﬁ 228 nh_:_:: I::: .
Adolescents and Young \KiR—Z-H‘EI Miscellaneous solid tumaors o ’ - &
Adults with Recurrent or B Meuroblastorma
Treatment-resistant Bala p.wd_. n'l:r.Jn.'Im':r |:u..1]i.ﬁn..'m1
Cancer (PIVOT 10O 020) I'II.'LIPI..'A.‘\.I'I'L‘\.
Rhabdomyosarcoma
An Investigational
Immmuno-therapy Study of
MNivolumab Monothera Py
and Mivedumab in Active
NCT Combination with - MNivolumab, FIn, Various Advanced Cancer & months— 164 :'“'|: e
3130959 Ipilimurnab in Pediatric = ipilimumal CTLA- (including MB) 21 years recruiking
Patients with High Grade
Primary CNS
o g L4 Malignancies
Inical trials
Medulloblastoma
Immune Checkpoint Ependymoma
NCT Inhibitor Mivolumab in 2 i rivelusmal FD1 Pineal region tumors <18 vears 180  Recruiting

03173950 DL‘(JP]L" with Recurrent Choroid P]w-.uh. bumiors

[ J [ J [ J
Salect Rare ChS Cancers Atypacal /malignant
METinEIoma

Constitutional Mismatch repair
Ek'{x'i.{'nl."u' h:ﬁ':l.ijn:lml."
Lynch syndrome

- - Pembrolizumab in Malignant glioma
- Treating Younger Patients R - brai la
with Recurrent, ecurrent r..m1. neoplaim
Progressive, or Refractory Recurrent ,-'hl-'llh'::":ﬂ
ependymaonma

D}';l;;ﬁ' HEHI:L_{FM%P{-FIW:“J-&I 1 i P*"""l'-""'-'l-iﬂum-"b FD1 Recurrent diffuse intrinsic 1-2% years 110 Recruiting
¥ Dffurse Intrinsic Pontine pontine glioma

e [}
LI]WI‘E:EE%E:T: tated Recurrent med ulloblastoma
Epsndvmonta or Refractory brain neoplasm
.\ilfhlul:ll.ﬂ'.*]u.-.bc:u:u.u Refractory diffuse intrinsic

poetine glicma
Refractory ependymoma

R-L'I:-r.:n.'bc:lr}' medulloblastoma
meauliopiasioma.

Mivolumab and Entinostat
in Children and

NCT . . 1 Mivalumab and NS Tumar ¥ e - - .
3EIR042 .:’uJ-::lll:-.-q'. prubs -.-..|1|:|. . 1/2 emitineakat FD1 Solid Tuser -1 Years 126 Recruiting
High-risk Refractory
Malignancies (INFORM2
MivEnt)
Glioblastoma multiforme
Study of the IDO Pathway Oral indoximod L’:]:ci:.:;ﬂwﬂfma
. J'“J“.[I:.'i'b:’r' J“I.'f':“j:im?i' and " i1l:ul' radiation Malignant brain tumaor
MNCT emozolomide for WTAPY. ; . -~ ’
02502708 Pediatric Patients with 1 temozolomide, or Do r'rll:-'iljmilﬂ LEUmﬂ 321 years bl L-::ln'lph. ted
Progressive Primary eyclophosphamide Dhi s ,h_“un"’
Malignant Brain Tumors and etoposide Huse :|n1l:.-u1.-\.|.|. pontine
glhioma
Primary CNS tumor
W Ciral indoximod
fL‘I'Jl”t.nLLnl'rﬂ :: with combinations Glioblastoma
NCT i_;l'r::r:;ﬂrru ‘_::ij of terno@olomide, Medulloblastoma
Mhl%ﬁ‘] ) Radiat PF z ".?'-".]"'PJ“'*'PJ"""mH"" Do F—P""“J ymoma 3-21 years 140 Recruiting
SRR e etorposide, Dhffuse intrinsic pontine

RI.'I-."PM"J E-r..'ai.'n r1.ll'|'|l.lﬂ'.‘\| or

Voskamp MJ, et al. Cancers. 2021 Oct 27;13(21):5387. Newly Diagnosed DIPG \_ radintion herspy. 4 ghioma




Chemotherapy in WHO grade | astrocytoma

1 Chemotherapy is often utilised as the initial therapeutic option in young children to avoid
long term sequelae of RT

0 Multi centric trial suggestive of 50% of reduction in volume of tumor vs none in placebo
group

Efficacy and safety of everolimus for subependymal giant W
cell astrocytomas associated with tuberous sclerosis complex
(EXIST-1): a multicentre, randomised, placebo-controlled

phase 3 trial

David Neal Franz, Elena Belousova, Steven Sparagana, E Martina Bebin, Michael Frost, Rachel Kuperman, Olaf Witt, Michael H Kohrman,




Chemotherapy in low grade diffuse gliomas

’ ORIGINAL ARTICLE ‘

Radiation plus Procarbazine, CCNU, High risk diffuse LGGS
and Vincristine in Low-Grade Glioma

18 to 39 years of age with STR or biopsy
D Progression-free Survival, Grade 2 Astrocytoma D Overall Survival, Grade 2 Astrocytoma
2 No. of Patients
65 N.o. of Patients Who Died Total No.
5 with Treatment
Eal — RT+PCV 21 36
o 3'2‘;” 2 - 100- RT Alone 22 29
" RT+AIone 55 . Hazard ratio, 0.73 (95% Cl, 0.40-1.34)
= P=031
= Hazard ratio, 0.58 (95% Cl, 0.33-1.03) - EBRT 54 G)// 30#/6 wks
X P=0.06
£ s0- g
2 8 o
a $
-
254 REalosis o RT alone
. J
PCV- 6 cycles
0 1] 1] 1 1] 1] 1] T 1 1] 1] T T
0 1 2 3 4 5 6 7 8 9 10 11 12 0 7 T 7 T T T T T T T 7 T
0 1 2 3 4 S 6 7 8 9 10 11 12
Years after Randomization z ;
= Years after Randomization
No. at Risk ) . .
RT:PCV 36 22 20 18 17 16 15 15 14 13 12 11 8 R”:-:é\f's" e 31 26 2 20 20 20 18 16 15 14 16 s No trials comparing
+ . .
Chaone O A6 &3 B T B3 & S 5 52 RTalone 29 27 22 19 18 12 12 10 8 8 8 8 2 temozolamide with PCV for

grade Il
N Engl J Med. 2016;374(14):1344.



Meningioma

* Meningiomas are a primary intracranial tumor in adults, and this
disease harbors an annual incidence rate of approximately 8.58 cases

per 100,000 population.
* Incidence elevates with age, especially in those over 65 years.

* The overall proportion of WHO grade 1 was 80%, and about 20% are
WHO grade 2 or 3.

« Among WHO grade 1/2 meningiomas, the incidence is 2.3 times
higher in women than in men.

Li S, et al. Signal Transduction and Targeted Therapy. 2023 Jan 4;8(1):8.



Bevacizumab
Sunitinip

 Summary of the
activated
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drug targets in
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Li S, et al. Signal Transduction and Targeted Therapy. 2023 Jan 4;8(1):8.



Indications for systemic therapies of meningiomas

* Recurent or progressive WHO 1, 2, 3 mengingiomas not
treatable (anymore) by surgery or radiotherapy

 Surgically inaccessible (e.g. skull base)
» Multiple meningioma

« En plaque

» Metastatic meningioma

* Clinical trials

G Minniti Content of this presentation is copyright and responsibility of the author. Permission is required for re-use. M



SYSTEMIC TREATMENT FOR GRADE 2,3 MENINGIOMAS: DO

WE HAVE A STANDARD?

A variety of systemic treatment
agents such as temozolomide,
bevacizumab, somatostatin
analogues, hydroxyurea,
irinotecan, everolimus,
vatalanib (PTK787/ ZK-
222584), sunitinib,
mifepristone, interferon-q,
imatinib, erlotinib, gefitinib, and
the combination of
cyclophosphamide,
doxorubicin, and vincristine
have been investigated with
poor results

Pellerino et al, 2022

Treatment Type of Study n Results
Hydroxyurea [65] Retrospective 60 6-month PFS: 10%
. 6-month PFS: 3%
Hydroxyurea [66] Retrospective 35 Median OS: 8 months
Hydroxyurea Phase 2 15 Early interrupted for slow accrual
plus imatinib [67] ase No significant activity
. 6-month PFS: 0%
Temozolomide [68] Phase 2 16 Median OS: 7.5 months
. 6-month PFS: 6%
Irinotecan [69] Phase 2 16 Median OS: 7 months
. Randomized phase 2 . . .
Trabectedin [71] (EORTC-1320-BTG) 90  No improvement of median PFS or median OS5
6-month PFS: 54%
Interferon-o [73] Phase 2 35 Median OS: 8 months
. . 6-moenth PES: 17%
Interferon-oc [74] Retrospective series 35 Median OS: 8 months
Grade 1: 6-month PF5: 50%: median O5: 104
S weeks
Pasireotide [75] Phase 2 34 Grade 2-3: 6-month-PFS: 17%; median O5: 26
weeks
0 . 6-month PES: 44%
fide [76] Fhase 2 16 Median OS: 7.5 months
. 6-month PES: 44%
Octreotide [77] Phase 2 9 Median OS: 18.7 months
. - . 6-menth PES: 86%
Bevacizumab [80] Retrospective series 14 Median OS: not reached
. . . 6-month PES: 44%
Bevacizumab [81] Retrospective series 15 Median O8: 15 manths
Bevacizumab plus Stable disease: 85%
lim [%] Phase 2 17 6-moanth PFS: 69%
everolimus Median OS: 23.8 months
6-month PES: 55%
. . Phase 2 6-month OS5: 90%
Everolimus plus octreotide [85] (CEVOREM rial) 20 19-month OS: 75%
Partial response in 78% of patients
- e Grade 1: 6-month PFS5: 25%; 12-month OS: 50%
Erlotinib or gefitinib [62) Phase 2 25 Grade 2-3: 6-month PFS: 29%,; 12-month O5: 65%
. Grade 1: 6-month PFS: 45%
Imatinib [83] Phase 2 23 Grade 2-3: &-month PFS: 0%
6-month PFS: 42%
Sunitinib [78] Phase 2 36 Median PF5: 5.2 months
Median OS: 24.6 months
Randomized phase 3 No statistical difference between or re-use. M
Mifepristone [84] (SWOG-59005) 164 mifepristone and placebo in terms of

PFS and O3



Neuro-Oncology 2014; 0, 1-6, doi:10.1093/neuonc/noul48

Phase II trial of sunitinib for recurrent and progressive
atypical and anaplastic meningioma

Thomas J. Kaley, Patrick Wen, David 5chiff, Keith Ligon, Sam Haidar, Sasan Karimi, Andrew B. Lassman*, Craig
P. Nolanm, Lisa M. DeAngelis, Igor Gavrilovic, Andrew Norden, Jan Drappatz, Eudocia Quant Lee, Benjamin Purow,
Scott R. Plotkin, Tracy Batchelor, Lauren E. Abrey, and Antonic Omuro

Table 1. Patient characteristics

Aggressive Exploratory
Meningioma {(n=36) (n=13) 132 il PFS
Gender 7 -+. OS
Male 14 (39%) 5 (38%) = 801
Fernale 22 (61%) 8 (62%) = 70
Median age (range) 61 (27-85) 48 (32-79) E
Median KPS (range) 80 (60-100) 90 (60-100) = 60 -
Histology (7}
Anaplastic (WHO grade 11} 6 -.E 50-
meningioma o
Atypical (WHO grade 11) 30 8 40
meaningiomna a-’ 30- R -
Benign (WHO grade I) 4
meningioma Q. 20- Lo o
Hemangicpericytoma 6 1 0 - .
Hemangioblostoma 3
Number of prior therapies 0 | T T 1 | T T 1
Median 5 5
Rangs 10 . 0 6 12 ‘!8 24 30 36 42 48
 Mear 47 5.2 Time (months)
ocation
Frental 14 (39%) 8 (62%) . .
et : Fig. 1. Kaplan-Meier curves for PFS and OS: PFS6 = 44% (95% CI: 27.0-
Farietal 8 (22%) 0 ) i
Temporal 5 (14%) 2 (15%) 59.7); median PFS=5.2 mo (95% CI: 2.8-8.3 mo); median OS = 24.6 mo
Occpital 3 (B%) 0 (95% CI: 16.5-38.4 mo); 1-year OS =79.2% (95% CI: 61.1-89.7); 2-year
Infratentorial/spine 4 (11%) 2 (15%) o o
Extracranial 1{(3%) 0 OS = 517 /D (95 /O CI‘ 294—704)

Unknown 1 (3%) 1 {8%) . . . - o : m
Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.




Neuro-Oncology

24(%), 705767, 2022 | https://doi.org/10.1093/nevonc/noab?43 | Advance Access date 21 October 2021

Trabectedin for recurrent WHO grade 2 or 3
meningioma: A randomized phase II study of the
EORTC Brain Tumor Group (EORTC-1320-BTGQG)

A Progression free survival B

70|
60
50
a0
an-|
20|

10+

| (marhe)

Recurrent WHO Il or 1l
meningioma, no more
local therapy options,

measurable disease

Owerall survival

p=0.868

, (monghs)

T T T T T T T o
a 3 8 ] 12 15 18 21 24 27 0

Treaiment

1 — Standard
0 —— Trabectedin

Wumber of patienls at risk :

20 22 12 6 5 3
51 57 21 10 B S

an
<

a8 N
16 22
40 57

T T
3 6 9 12 1% 18 21 24

Numbar of patishts at fisk -

33 36

Treatment

20 15 11 9 Li] 5 4 2
49 40 31 24 19 14 4 4
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Preusser et al. Trabectedin for recurrent grade 2 or 3 meningioma

0 —— Standard

1 — Trabectedin

B Overall survival
100
99
80
70
2]
p=0.309
a2 50
a0
30
20
19
] G 12 18 24 30 36
QOverall survival time (months)
Patients-at-risk
Bevacizumab- 9 -] 5 3 1 o
Hydroxyurea- 13 & 4 3 1 0
Trabectedin- 81 44 27 15 4 1 a



POSSIBLE TARGETS FOR FUTURE THERAPIES

LRy Table2 Molecular Targets
* Sunitinib
w/_ » Sorafenib
FE’EE;R j— | Gefitinib Drug Class MolecularTarget/Biomarker
» Erlotinib
VEGFR : ot - AKT inhibitor AKT1 (pGlu17Lys) mutation*25
Tyrosine kinase I T = z
receprors * Vatalanib Hedgehog inhibitor SMO {pTrp535Leu) mutation?*2®
O O o o O O O OO )
S R R ! FAK inhibitor NF2 {merlin) loss4®44
I —(PIP3 Suppression Immune checkpointin-  PD-L1, PD-L2, B7-H3, and CTLA-445-47
" of SMO ibi
hibitor
\ / VEGF orVEGFR inhibitor VEGF or VEGFR248-50
Hedgehog PI3K inhihitor PI3K??
-— — |AzD5363 th
= mTOR inhibitor mTORS"5
i ]- Somatostatin analog Somatostatin receptors®
Gemcitabine Cytidin®

. Abbreviation: AKT, gene coding for protein kinase B; FAK, focal ad-

/7

Everoli mTORC1 . R . .

+Everolims '_'":.._ DOBI - hesion kinase; mTOR, mammalian target of rapamycin; PI3K, phospho-
\;‘I_\‘ 4’,-‘
S f-’.’J

' inositol-3-kinase; VEGF, vascular endothelial growth factor.

=

Preusser et al, Nature Rev Neurol 2018 Goldbrummer et al, EANO Guidelines, Lancet Oncol 2016; Neuro-Oncol 2021
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Clinical trials of
systemic
treatment for
meningioma

Treatment Study type Setting N of Results
patients
Hydroxyurea retrospective recurrent WHO grade 1 60 Duration of stable disease: 3-12 months (median 4.0 months)*™®
case serles meningioma
Hydroxyurea retrospective recurrent WHO grade 2/3 35 &-month PFS: 3.0% (median PFS 2.0 months)*®
case serles meningioma
Interferon-o Phasze 2 Recurrent grade 1 35 &month and 12-month PFS: 54%, 31%; mO5: 8 months™
interferon-a Retrospective Recurrent WHO grade 2/3 35 &-month PFS: 17%*°
case series
Bevacizumab retrospective review recurrent meningioma 14 &-month PFS: 869"
Bevacizumab retrospectively study Atypical and anaplastic 15 mPFS: 26 weeks, G-month PFS: 43.8 %%
meningiomas
Mifepristone Phase I unresectable 164 Failure-free and O5 were no statistical difference between
meningioma mifepristone and placebo™
Pasireotide LAR phiase I recurrent or progressive 34 It has limited efficacy in recurrent meningiomas™**
meningioma
Octreotide phase I recurrent high-grade 9 &-month PFS: 44.4 %, mPFS: 4.23 months™?
mMeningioma
Sandostatin LAR  prospective recurrent meningiomas 16 &-month PFS: 44%, mOS: 7.5 months**®
pilot trial
Temozolomide Phase I refractory meningioma 16 Time to tumor progression: 2.5-5.0 months (median 5.0 months); O%:
4-9 months (median 7.5 months)***
Trabectedin phase I recurrent WHO grade 2 or 90 not improve PFS and 05**°
3 meningioma
Octreotide and phase I recurrent meninglomas 20 &-month PF5: 55%, and 0% 6 and 12-month were 90 and 75%,
everolimus CEVOREM trial respectively™™®
Everolimus and phase I recurrent meningloma 18 median duration of disease stabilization: 10 months™*®
bevacizumakb
Sunitinib phase I recurrent WHO grades 36 mPFS: 5.2 months, and mOS: 24.6 months®™
2=3 meningioma
Mivolumab phase I recurrent atypical/ 25 &-month PF5: 42.4%; mO5%: 30.9 months; ﬂnegatient achieved

anaplastic meningloma

radiographic response (ongoing at 4.5 years).®™

PF5 progression-free survival, 05 overall survival; progression-free survival, mPFS median progression-free survival, mO% median overall survival, ¥ number

Li S, et al. Signal Transduction and Targeted Therapy. 2023 Jan 4;8(1):8.




SYSTEMIC TREATMENT FOR GRADE 2,3 MENINGIOMAS: DO

WE HAVE A STANDARD?

Ongoing trials
ClinicalTrials.gov

Pellerino et al, 2022

Trial ID Type of Study Arm of Treatment n Endpoints
Nivolumab alone (Cohort 1) or Primary: 6-month PFS
NCT02648997 Phase 2 in combination with 50 Secondary: median PFS,
ipilimumab (Cohort 2) median OS, ORR, safety
Alpelisib in combination . )
NCT03631953 Phase 1 with trametinib 25 Primary: DLT
NCT04728568 Prospective Sintilimab 15 Primary: PES
Secondary: OS
. . Primary: 6-month PES
NCT04501705 Prospective Apatinib 29 Secondary: ORR, OS
Nivolumab alone or plus Primary: DLT, safety, ORR
NCT03604978 Phase 1-2 ipilimumab in combination 15 Secondary: median PFS, median
with fractionated SRS 05, changes in peripheral T-cells
Primary: plasma exposure, CSF
NCT02933736 Early phase 1 Ribociclib 48 penetration, brain accumulation
of ribociclib
Vismodegib or :
g ems Primary: 6-month PFS, ORR
NCT02523014 Phase 2 FAK inhibitor, or GSK2256098 124 Secondary: median PFS,
or capivasertib, or abemaciclib .
. median OS, safety
based on molecular screening
Primary: 12-month PFS
NCT04659811 Phase 2 Pembrolizumab plus SRS 90 Secondary: median PFS,
median OS
Primary: radiological
NCT04374305 Phase 2 Brigatinib 80 response rate
Secondary: safety
Primary: change in hearing
. response, response rate of other
NCT03095248 Phase 2 Selumetinib 34 NE2-related tumors
(including meningiomas)
NCT04541082 Phase 1 ONC206 102 Primary: MTD

IS€.



Clinical trials on
CAR T-based
management of
brain cancer

Sno. Targets Phases Status Indications CAR designs Administration routes Comments Identifiers
1 IL3RaZ | Completed Recurrent/refractory malig- IL13-C0GE CO8+ oytotomic Irtracranial Translent inflarmmatory MCTOOT 30613
nant glicma T-lymphocyte clones response, Necrosls at turmior [F4]
site, antigen |oss
b IL3RaZ | Completed Recurrent/refractory malig- IL-13 zetakine Intraturnoral infusion Mo dizse-lirniting tosdcity MNCTO 0B2936
nant glicma [E]
3 IL3RaZ I Ongodng Recurrent/refractory malig- IL-13-4-1BBL memaory-derived  Intracrandal, intraventricular Complete clinical response up  MCTO2208362
nant glicma T calls to 5 months, antigen loss 2]
4 IL3RaZ | Ongodng Leptomeningeal ghoblastoma,  IL3Rai-specific CAR with Intraventricular Ewaluation of safety, feasibility, MNCTOMG61364
ependymoma, of medullo- 4-18B co-stimulation persistencs, Expansion [E3]
bl astoma
5 IL3Ra2 I Ongoing  Recurrent/refractony pediatric  IL3Ral-specific CAR Intraventricular Assessment of sde effects, MCTOa510051
brain turnors after lymphodepletion [E4]
& IL3RaZ I Ongodng Glioblasioma IL3Rai-targeted CAR Intraventricular, intraturnoral —— Trial for cormbination therapy  NCTO400364%
with checkpoint inhibitor [134]
¥ EGFRwI I,m Completed  Malignanit glicma EGFRII-CDES-4-1BBL Bulk Intravenous Frogression-free survival uup  NCTD1 454556
T cells 1ol 5maonths, dose-limiting  [B&]
towmlcity at higher doses
B EGFRwII I Terminated Glioklastoma EGFRVIII-A-1BBE CAR Intravenaus Increased IDO, FOXPS, IL-10,  NCTOR20557e
FD-L1 and TGFR, antigen loss [5d0]
o EGFRwI | Completed Glioblastoma EGFrlll-specific CART exmpress-  Intravenaus Result has not yet been MCTO37 26515
ing 4-1B8 and TCR published [92]
1 EGFRwI I Terminated Glioma grade [V EGFRwII CAR Systamic Radiclabelling of CART calls  NCTOXA64363
[136]
11 EGFRWII I Terminated Recurrent ghioblastorma EGFRviIl-targeted CAR Intracerebral Recnuitment halted MNCTO32E3631
[174]
12 EGFRA0R I Ongoing Recurrentfrefractony EGFR+ EGFRA06-specific CAR Deliverad into umor cavity or - Evaluation of safery, efficacy,  MCTD3638167
pediatrc CNS tumors wentricular system tolerability, distribution, turmaor  [54]
IESpOnse
13 EGFRAOA | Ongoing Solid turnors including neurn-  BEGFRB0&-specific CAR Systemic Aszessrment of on target off MCTO3618381
blastoma T tondcity [95]
14 HER2 I Completed  Glioblastoma HER2-COIEL wirus-specific Intravenous Mo dose limiting toxlcity METO 109095
Teells [l
15 HER2 | Cngoing Recurrentfrefraciory glioblas-  HER2-specific, hinge-optl- Intracerebral Imestigation on side effects MCTO33B9230
toma grade AV rrized, 4-1BB-co-stimulatony and best suit dose [1G2]
chirmeric recapior
15 HER2 | Cngoing Metasiatic meningeal neo- HER2-specific CAR Intraventricular Evaluation of side effects, best  MCTO3656030
plasm dase [1a3]
17 HER2 | Ongoing Recurrentfrefractony HERZ+ HER2-specific CAR Intracerebral Evaluation of safery, efficacy,  MCTO3500991
pediatic CM5 tumors distribution [1a5]
18 HER2 | Cingoing HER24 CMS turmors HER2-specific CAR Initracranial Evaluation of efficacy, side MICTO2 442207
effects, largest safe dose [1da]

Huang Z, et al. Molecular Cancer. 2023 Dec;22(1):1-27.




Clinical trials on
CAR T-based
management of
brain cancer

Sno. Targets Phases Status Indications CAR designs Administration routes Comments Identifiers
19 HEFR2 i Ongoing  Pediatric recurrent/reffactory  HER2-specific CAR Intravenous Ewaluation of safety and RCTOE903080
ependymoma feasibiling [107]
i BF-H3 I Ongoing  Recurentfrefractony glioblas-  B7-H3-targeted CAR Intratumnoral, intraventrioular  Concurrent therapy with HCTOEOT aes
toma termoznlomide [111]
| BF-H3 | Ongoing  Ciffuse intrinsic pontine B7-H3-specific CAR Deltvered Into tumaor cavity or  Assessment of safery, disribu-  KCTO4185038
glioma/diffuse midline glicma wentricular systern tian, peripheral raficking [
and recurrent or refractory
pediatric central nensous
SySTEm TUMmors
. BF-H3 | Urknown  Recurrentfrefractory glioblas-  B7-H3-targeted CAR Intraturnoral, intraventrioular  Unknown status after May MCTO43B5173
toma b [174]
3 {oaf i Unknan  Malignant glicma {D4F CART cells Intracavity imfection Unknown status after bMay MCTOM04584 7
2000 [114]
34 GOk i Completed Recurentfrefractony neuno- Anti-G0E CAR Lystemic Mo disease progression with — MCTD2761915
bla=soma detectable CAR levels upto [12d]
45days
5 GOk i Ongoing G024+ brain tumor CIR-GDECART Cells Intravenous Ongoing safety and efficacy  MCTOM059797
ASSEESMENT [121]
B GO Lm Ongoing  Recurent/refractony newns- Ant-G0E CART cells Lystemic Diose escalathon and expan- MCTO3373097
blastoma shos trial [123]
.y GOZ | Ongoing  Intrinsic pontine glioma, spinal  GDE-spedfic CAR Intravenous Asseoment of saferty, feasibiling, NCTO41595413
diffuse midline glioma recommendation of dose for  [123]
phase |l trial
o3 GOk i Ongoing  Pediatnic neuroblastoma GO-specific CAR with autolo-  Systemic The first trial on GD2 express-  MCTO32049954
gous MET cells exprassing ing MET calls [135]
IL-15
Epha2 I Withdrawen  Mallgnant glicma EphaA2-specific CAR Lystemic Trial withdravwn MCTO25F5261
[131]
CLTx i Ongoing  MMP2+ recurrent or progres-  CLTX (BQ-CD28-C03 Intravenous Turror binding peptide used  MCTDM214302
sive glioblastoma 2eta-C 0 M-axprassing CAR a5 targeting domain [127
T lymphocytes
3 o | Ongoing  Meuroblastoma 01 F1-specific CART cells Lystermnic Aszacsmment for masi rmum METOR31 1621
exprassing EGFR1 toberable doss [129]
2 MEGID i Withdrawen  Solbd turnors including glic- NKEGIC-based CAR Intravenous, intra-arterial Trial withdrzwen MCTOE 2 M0461
blastoma [142]
i3 EGFRwI, IL1 3R, | Ongoing  Recurrent malignant gliorma Biodogical, antigen-specific Lysternic delvery of lentiviral - Personalized CAR design MCTO3423952

HER2, CD 343, EphA
or GDZ

CART cells

WECTOr

based on turmor Sl En
SAONas5I0N

(178l

Huang Z, et al. Molecular Cancer. 2023 Dec;22(1):1-27.




Summary

® The fifth edition of the WHO classification of CNS tumors in 2021 has
incorporated many advanced molecular alterations into the diagnostic standards.

® Failure of several targeted agents, especially for GBM, illustrates that CNS
tumors do not only rely on a single pathway driven targeted therapy.

® Future treatment may be improved in the following ways:

1)the combination strategies of multiple targeted drugs and immunotherapeutic approaches have been

proven efficacy against brain tumors, especially for recurrent/ progressive patients, and could be the
trend of treatment management in the future;

2) the limited scale of participation and specific patient groups indicates the necessity of performing

more larger and multicenter clinical trials to assess efficacy and safety;
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