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Why brain tumours?

Devastating diagnosis
Results of treatments not satisfactory
Long term effects of treatment

Complexity of the care
Multidisciplinary management
Link hospital-community-school

Palliative care



WHO GICC

* The World Health Organization (WHO) Global Initiative for
Childhood Cancer aims :

 Improve outcomes for children with cancer around the world

« The goal is to give all children with cancer the best chance to survive, to live full and
abundant lives and to live and die without suffering.



Cancer Death In Children

 Brain tumors are leading cause of cancer
related deaths

All cancers combined
180 APC*: 1975-2006 = 05*

170 -
160 -
150 s e
1%,_ . s e

« Advances in surgical and adjuvant therapy
have improved the survival rates of

4 o i children with medulloblastoma and low-
8 I00] L x _pusta S et eSS grade glioma (LGG), for which 5-year
L ol survival now exceeds
&l 75%

50 + Lymphoid Leukemia
APC: 1975-2008 = 0.8*

 Prognosis for other tumors such as diffuse

. i Intrinsic pontine glioma (DIPG) and other
e wes os T0s midline high-grade gliomas (HGGS)

Yo remains poor



Percent Diagnosed CNS Tumor
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Survival In paeaiatric brain tumours

Medulloblastoma
Germ cell tumours 50
|_Low grade glioma 70
Ependymoma

High grade gliomas
Pontine gliomas

1980 2010 2022
45 - 15% 78
— 85% 80
- 95% 95
30 - 60% 65
15% - 15% 15
<5% - <5% <5



2015
Targeted
therapies...



Paediatric Brain Tumours

> Diversity
> Complexity
> Heterogeneity

> It never stops
o £Xact role of the neuro-oncologist
o EXIEnt or the Job




Exact role of tnhe neuro-oncologist

o Just patients with brain tumour who require chemotherapy

o Patients who need postoperative management (radio or chemo
or other treatments)

o All patients
o Other patients

Neurofibromatosis clinic
Tuberous sclerosis

DI and piturtary stalk thickening
Cutaneous melanosis



Key (players) for a pediatric Leukaemia program



Key (players) for a paediatric neuro-oncology program



[.ow-Graae Glioma

> Several subgroups, including :
Pilocyitic
Pilomyxold
Subepenayrmal giant cell
Diffuse astrocytomas



Low grade gllomas

Most common pediatric brain tumors (30-50%)

PILOCYTIC ASTROCYTOMA
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Diffuse astrocytic and oligodendroglial tumours

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

Diffuse astrocytoma, IDH-wildtype

Diffuse astrocytoma, NOS

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

Glioblastoma, IDH-wildtype
Giant cell glioblastoma
Gliosarcoma
Epithelioid glioblastormna

Glioblastoma, IDH-mutant

Glioblastoma, NOS

Ditfuse midline glioma, H3 K27M-mutant

Oligodendroglioma, IDH-mutant and
1p/19g-codeleted
Oligodendroglioma, NOS

Anaplastic oligodendroglioma. |DH-mutant
and 1p/19g-codeleted
Anaplastic oligodendroglioma, NOS

Oligoastrocytoma, NOS
Anaplastic oligoastrocytoma, NOS

PILOMYXOID ASTROCYTOMA D|FFUSE ASTROCYTOMA
s - : .

9450/3
9450/3

9451/3
9451/3

9382/3
9382/3

Other gliomas

Chordoid glioma of the third ventricle
Angiocentric glioma

Astroblastoma

Neuronal and mixed neuronal-glial tumours

Dysembryoplastic neuroepithelial tumour

Gangliocytoma

Ganglioglioma

Anaplastic ganglioglioma

Dysplastic cerebellar gangliocytoma
(Lhermitte-Duclos disease)

Desmoplastic infantile astrocytoma and
ganglioglioma

Papiliary glioneuronal tumour

Rosette-forming glioneuronal tumour

Diffuse leptomeningeal glioneuronal tumour

Central neurocytoma

Extraventricular neurocytoma

Cerebellar liponeurocytoma

Paraganglioma

Other astrocytic tumours
Pilocytic astrocytoma

Pilomyxoid astrocytoma
Subependymal giant cell astrocytoma
Pleomorphic xanthoastrocyloma
Anaplastic plecmorphic xanthoastrocytoma

9493/0

941211
9509/1
95091

9506/1
9506/1
95061
869311

94211
9425/3
938411
9424/3
9424/3
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Pediatric Low Grade Gliomas (PLGG)
can arise anywhere around neuroaxis




What did we know on PLGG in 20087

1.00

0.75

0.50

0.25 o8
—EFS

0.00



[.ow-Graae Glioma

> Two cancer-predisposition syndromes .

Neurofibromatosis type 1 (INFL1)
T uberous sclerosis complex

> Increased frequency

Pilocytic Astrocytoma
Subependymal giant cell astrocyitomas

> Extensive resection



Progression-free Survival
FLras

> After complete resection :
10-year (PFS) Over 85%

L.ess than 50% If there. Is radiologically visible resiaual tumor
> After complete resection, RT or chemotherapy Is rarely
warranted.



L imitation

> Complete resection Is not usually feasible
o Deep-seated

o INnfiltrative tumors

o Hypothalamus
o Optic pathways

> Worse prognosis than superficial lesions

o Challenging

o large size

o Frequent occurrence in young children

o Increasing the risks of adverse late effects from RT



[ssues with PL. GG

> Bag of diverse pathology subtypes with heterognous outcomes.
> Inoperable tumors: challenge

> Radiation has long term effects

> Chemotherapy- unsatisfactory results

> Lack of information on long term outcome.

> Lack of targeted therapies.



Past

> Conventional chemotherapy has been used during the last 2
decades to delay or avoid RT In young children

> COG A9952 study randomized :

Carboplatin ana vincristine
Thioguanine, procarbazine, lomustine,and vincristine

> For unresectable or progressive LGGs in children without NF1



Results

> Patients with NF1-related gliomas received carboplatin and
vincristine given concerns regarding alkylator-related second
malignancies

> Both regimens delayed tumor progression, although children
without NF1 generally experienced disease progression within
5 years of therapy, highlighting the need for additional
treatment options.



Stuales

> Phase Ill randomized trial (SIOP) :

Adaing etoposiae to. carboplatin ana vincristine aia not improve survival
> Vinblastine

> COG ACNS0221

Conformal R T benefit in appropriately selected unresectaple tumors in
chirldren older than 5 years



Probability

Which chemotherapy? Similar outcome
no matter what you give...
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0.6 4 ¢
0.4 4
0.2 1
u ¥ T T T 1
0 1 2 3 4 -] (-]
Years on Study
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Genomic landscape of PLGG — A single pathway disease

Prior 2008: Germline NFI mutations associated with
PLGG development.

Pfister et al. 2008: Duplication of BRAF gene most
frequent aberration (later identified as BRAF-KI441549
fusion event).

Genomics era: Gene fusions, activating mutations and
loss of function mutations in the mitogen-activating
protein kinase pathway (MAPK), including BRAF,
FGFRI,NFI1,MYB, MYBLI.

Frequency of genomic abemrations
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MAPK Alterations

! [ KIAA1549-BRAF (67%)
S5 [ Other BRAF or C-RAF Fusion (5-10%)
] BRAF VBOOE {5-10%)

B NF {5-10%)

Fusions [ NRTK1 (<3%)
2 KRrAS (<2%)

] pTPN1t (<2%)

— Cell Growth

BRAF alterations per location Pleomorphic

and higt_ology Piloic Astroctoma xanthoastrocytoma
: 5~ (3KIAA1549.BRAF @ 5R4F veooE
_Cerebral Cortex: 25% 8. Cerebral Cortex: 60%
. Optic Pathways: 50%
. Brain Stem: 60%
. Spinal Cord: 55%
. Posterior Fossa: 80%
. Deep Gray Matter: 40%

Pilocytic Astrocytoma Ganglioglioma
@B BrRAF vB00E @B 5rAF ve00E
7. Cerebral Cortex: 12% 9. Temporal Lobe: 25%




Nanostring panel 1{main alterations):
KIAALS40 Ex13-BRAF Exd

FAM1318_Exi-BRAF Exi0
RMF130_Ex3-BRAF_Fx8 MKRMN1_Ex4-BRAF_Exil
GMAI1_Ex1-BRAF_Ex10

CLCMG_Ex2-BRAF Ex11

FXR1_Ex13-BRAF Exi0

BRAF_Ex7-MACFL_Ex19
FGFR1_Ex17-TACC1_ExT
SRGAP3_Ex11-RAF1_Ex8

STRGALL Ex2-WHSCL_Exd

QEI-Ex2:MYB-Ex1b

MYB-Ex®:PCDHGAL-ExZ

OEFEx1:RAF1-Ex14

MNACC2-Exd:NTRE2-Ex13

Nanostring panel 2(main alterations):
ALK FUSIONS:
Le.: ALK_MUT2_Ex23; PPP1CE_ExS-ALK_Ex20
RS FUSIOMS:
Le:ROST_WT1_Ex27; GOPC_Exd-ROS1_Ex37
NTRK FUSIONS
Le.: ETVE_Exd-NTRK3_Ex14
QKI-RAF FUSIONS
Le.:OKI_Ex3-RAF1_ExS-intron
MET fusions:
Le:CLIP2_Ex11-MET_Ex15
MYE_CIE] FUISIONS:
Le.:MYB_Ex9-0K|_ExS
FGFR2 FUSIDMNS:
L& :FGFR2_Ex17-ERC1_Ex3

NF1

-

| Histopathology- PLGG

* If diffuse glioma
and Midline add
IHC-H3K27M

+/- ‘ IHC-

Truesight panel:
Maore than 1000 genes

BRAF FLI1 ElAA
ALK FGFR MYE
RO5 TAK WT1
NTRE Stat CTHNBL
I0H HRF3A HOX
BLOR HIST1H MYE
EGFR M5H2/3/6 CDKN

EWS RELA DICER

If infant add
Nanostring
panel 2

RNAseq

}

BRAFV600E

|

Nanostring
Panel 1 (BRAF
fusions)*®

|

I Clinical

Clinical setting

Experimental

XX Account for 75%
of tumors.

Del CDKN2A —
Microarray/
ddPCR

* If diffuse glioma
and >10 y/o add
IHC IDH 1

Truesight (targeted
RNA sequencing from
FFPE)

\ Methylation

arrays




Molecular [nsignts

> BRAF-KIAA fusions:

o Oplic pathiway pilocytic tumors
o Gangliogliomas
o Pleomorphic xanthoastrocytomas

o Cerepral pilocytic astrocytomas
Viemurafenib(INC T01748149)
Dabrafenib (NCT01677741)

o Speciifically targer tumors witin BIRARV600E
o Soralernp (ena)



Mitogen-Activated Protein Kinase
(MAPK)

> NF1

> RAF
o Sefumetinio

> Durable partial (> 50%) response



MEK Inhibitor

> Phase |l randomized clinical trial:

Dabrafenib.and Trametinio
Carboplatin ana vincristine

> Children with newly diagnosed BRAFV600E-mutated LGGs
(NCT02684058).

> Cobimetinib
> Binimetinib



>

>

mTrOR

Tuberous sclerosis have activated mTOR signaling
o Everolimus

Antiangiogenic in all LGG
o Bevacizumab

FGFR1
AZD4547 (NCT02824133)

ALK/ROSI/NTRK Inhibitors:
Crizotirnib (NCT00939770)
Ceritinib (INCT02336451)
Cabozantimb(INC T00704286)
Brigatinib (ALK/ROS1)
Entrectinib (ROSL/TRK)
larotrectinib (TRK)



TABLE 1. Current experimental protocols for recurrent LGG

Clinical Trial
Therapeutic Approach Study Design  Identification
Use of oral vinorelbine Phase Il NCTO21976.37
Vinblastine vs vinblastine & beva- Phase li NCT028404008
cizumab randomized
Weekly carboplatin & vincristine vs = Phase Il NCTD2455245
carboplatin every 4 wks randomized
Oral everolimus (mTOR inhibitor) Phase Il NCTO1734512
Oral MEK162 (MEK inhibitor) Phase |l NCT02285439
Immunotherapy w/ HLA-AZ2-restrict- Phase Il NCTO2308187
ed tumor antigen peptide vaccine
administered w/ poly ICLC
Oral TAK-580 (pan-RAF kinase Phase VI NCT03429803

inhibitor)




Clinical and molecular characteristics of LGG harboring point mutations

PATHOLOGY

AGE

LOCATION

IMAGING

OUTCOME

— O5
ws P FS

Extent of
resection

COMMENTS

FGFR1 Mut

IDH1 R132H

(n=31)
PA OA DNET LGA

Median 11.4years

(n=10)

0ODG DA

Median 15.5years

H3K27M

(n=12)
LGA PAGG ODG

W

Median 7.9years

1.00

30% associated
other alterations
Two deaths in NF1
after XRT

1.00
0.75%
0.50
0.25
0.00

0

S 10 15

GTR80%

20

Seizures, FCD
suspected in MRI

20 5

GTRO%

Co-occurring with
BRAF V600E
and FGFR1mt



Overall Survival
(proportion)

No. at risk
Wild type
Mutant

Results: BRAF V600E patients have improved survival
following initial diagnosis

w= Wild type
we Mutant

P=.024

—

0 5 10 15 20

Time (years)

16 R 2 1 0
8 6 3 2 1

5-yr overall survival:

BRAF mutant patients: 75% % 15%
BRAF wildtype patients: 29% +12%
(P=0.024)

25

-

- ey - Wild type
2c == Mutant
€S 06- - PLGG
2€ - w= Primary HGG
w o
— = X
P < .00001
SO 04 2
D Q
> -
o
0.2 1
0 5 10 15 20 25
Time (years)
No. at risk
Wild type 16 4 2 1 0 0
Mutant 8 6 3 2 1 1
PLGG 814 653 507 351 183 36
Primary HGG 22 1 0 0 0 0

5-year overall survival:
BRAF wildtype patients: 29% + 12%
Primary HGG patients: 5% + 4% (P=0.0163)




Genetic alterations stratify PLGG into several risk groups

[Pediatric\
Low
Grade

L Glioma y




Gross total resection in BRAF V600E PLGG

Discovery Validation
1.00 4 1.00 4
w== No GTR == No GTR
4= GTR <= GTR

0.75 4 0.75 -
2 £
B =
8 0.50- & 0.50-
o o | l B 0 -
o c - 41% patients
o o
® o GTR
o o

(.25 0.25

p =0.01 p =0.000106
[‘}'md T T T T T ﬂ'm- T T T T T T
0 o 10 15 20 0 5 10 15 20 25
. r ion F ival (Y { on F ival

ATp—— P ogression Free Survival (Years) No. at risk P ogressio ree Survival (Years)
Mo GTH 54 13 4 1 0 Mo GTHR 85 11 G 3 1] 0
GTR 40 10 1 0 0 GTRH 76 19 8 4 3 0

Lassaletta A, Zapotocky M et al. JCO 2017



Boston/UCSF
protocol

MRI Diagnosis
TREATMENT SCHEMA U=

I
Ana

Cohort 2 Cohort 3 Cohort 4
MGMT- MGMT+ MGMT+
EGFR+ EGFR- EGFR+

Cohort 1
MGMT-
EGFR-

RT RT RT
Bevacizumab Bevacizumab Bevacizumab
Erlotinib Temozolomide Erlotinib

Temozolomid

Bevacizumab

4 Weeks 4 Weeks 4 Weeks
Bevacizumab Bevacizumab Bevacizumab 4 Weeks
Erlotinib Bevacizumab
Erlotinib
Maintenance D : ‘ Maintenance
Bevacizumab Biomede in Europe Bevacizumab
Erlotinib, everolimus, Erlotinib

Dasatinib Temozolomide




Brainstem Gliomas Trials
> COG: No protocol

> PBTC studies:

o PARP Inhibitor + Temozolomide + radiation (closed
for futility)

o Pembrolizumab (closed for toxicity)
o Panabinostat (HDAC Inhibitor) ongoing

> PNOC studies

o H 3.3 vaccine
o Convection enhanced delivery

> CONNECT studies

> Ribociclib and everolimus trial
> PTC596 trial (phase 1)
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Time from progression to death

Re-Irradiation of DIPG
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Reirradiation in patients with diffuse intrinsic pontine gliomas:
The Canadian experience

Alvaro Lassalettal | DouglasStrother | MormandLaperriere® | Juliette Hukin® |
Magimairajan Issai Vanan® | Karen Goddard® | Lucie Lafay-Cousin? |

Donna L. Johnston® | ShaynaZelcer’ | Michal Zapotocky? I

Revathi Rajagopal® | Vijay Ramaswamy | Cynthia Hawkins® | UriTabori® |
Annie Huang' | Ute Bartels' | Eric Bouffet!
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Overall survival probability

P=0.0001

Received
reirradiation?
S INo
1 Yes




Neuroanatomical specificity of IDH, H3.3-K27M and G34V-R in the brain

H3.3

* K27M
% IDH1/2 H3.1

G34V/R
O  ATRX

K27M occurs mainly in the brainstem% the thalamus (70-80% of all GBM in these locations).
It is inconsistently associated with ATRX mutations. G34V-R occurs mainly in the cerebral
hemispheres similar to IDH mutations that have a predilection for the frontal cortex.

Both are strongly and significantly associated with ATRX mutations. (references 2,3,6,7,12).



CONCLUSIONS

> Pediatric DIPGs are one of the main causes of brain
tumor death In children

> After decades of clinical trials, largely based on
protocols for adult brain tumors, no effective
treatment has yet been found

> A lot going on In the preclinical setting...

> You may be the first generation to see a change In
survival!!!



Novel stratification of PLGG?

JuaLyeasy
Jo Asuaiu

&3
MYB, [ FGFR2 BRAF | Other FGFRL BRAF || IDH-1 | H3K27M™ |
MYBL1 || fusion Fusion FGFR mutation V600E || mutation
alterations mutation
Observation + + + + + - - - -
Chemotherapy ? ? -t - ? ? & + -
Targeted ? + + o+ + + + - -
therapy
Radiation _ _ - - - - - + +
Suggested 1 1 1 1 1
WHO Grade
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T ake home messages.

> PLGG Is mostly benign, take your time and avoid aggressive therapy in
MOosSt cases.

> Biopsy should be considered in most PLGG due to molecular
classification which determines therapy.

> Infants and AY A should be addressed with specific cautions.
> Targeted therapies are here and may replace chemo-rads soon.
> Methylation arrays should be used with caution with PLGG.
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