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DIAGNOSIS
v imaging
v’ pathology
v molecular/biology

Goals of anticancer therapy

Durable
remission/relapse

Disease control
or
further treatment line

Improved life
expectancy/salvage

Improved
quality of life
in cured/relapsed

patients
Modified after British Journal of Cancer (2021) 125:155-163
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Our weapons against cancer
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1. DeVita VT Jr, et al. Cancer Res. 2008;68:8643-8653; 2. American Cancer Society. http:/iwww.cancer.org/canegg/cancerbasics/thehj toﬂcancer/;
3. Hodi FS, et al. N Engl J Med. 2010;363:711-723; 4. Sznol M, et al. Presented at ASCO 2013: oral presentation; 5. IE8moff smiw , . N Engl J Med.
2010;363:411-422; 6. Finn OJ. Ann Oncol. 2012;23(supp! 8):viii6—viii9.
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pediatric brain tumors
EPIDEMIOLOGICAL PREMISES

* BRAIN TUMORS REPRESENT, BY INCIDENCE, THE SECOND PEDIATRIC TUMOR AFTER
LEUKEMIA, THE MORE FREQUENT CAUSE OF DYING FOR TUMOR, THE MORE
FREQUENT CAUSE OF POST-CANCER DISABILITIES

e 20/25% OF THE TUMORS OF THIS AGE GROUP

e WORLDWIDE, THE INCIDENCE CORRESPONDS TO 2-3 CASES / YEAR / 100,000
CHILDREN UNDER 15 YEARS OLD

* IN ITALY ABOUT 350-400 CASES ARE DIAGNOSED EVERY YEAR

e MORTALITY, IN THE LAST TWO DECADES, HAS REDUCED FROM 2 / 100,000 TO 0.9 /
100,000 EVENTS PER YEAR:

THAT MEANS THAT 60% OF AFFECTED CHILDREN
CAN BECOME ADULT
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5-year survival

» CEREBELLAR ASTROCYTOMA 95%
» LOW-GRADE ASTROCYTOMA 75%
» MEDULLOBLASTOMA 70%
» EPENDYMOMA 60%
» HIGH-GRADE GLIOMAS 30%
» DIFFUSE INTRINSIC PONTINE GLIOMA 2%

» ALL TOGETHER 60% ca.
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What We Would Like From The “Lab”

» A molecular/genetic marker for any
tumor

» A risk profile for any single patient

» One or more drugs that could
interfere with tumorigenic pathway,
therefore with minimal normal tissues
damage
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medulloblastoma

What we know What we know
Medulloblastoma (MB) represents the most
common malignant brain tumor in children,
accounting for approximately 20% of all central — Dissemination at diagnosis:
nervous system (CNS) tumors. 20-35% of patients

It also comprises over 60% of intracranial embryonal
tumors, a recently characterized entity consisting of
atypical teratoid rhabdoid tumors (ATRTS),
embryonal tumors with multilayer rosettes (ETMRs),
CNS neuroblastoma with FOX2 alteration and
malignant neuroepithelial tumors with BCOR
alteration.

» Craniospinal irradiation is needed
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Survival improvement

» Embryonal tumors, from 1980 to 2009
— 37% to 60%, as general assessment

But, around 2000

— Gap between South and East Europe with 40%
and EUROCARE-5 consortium with 66%

— Medulloblastoma, from 1959 to 2009
* 29% to 73% as general assessment
* In Tunisia less than 27% in 1997
* In Uganda 0% in 2007
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CSI doses
OLD! Standard

» Standard risk (5 year EFS 55-70%)

35-36 Gy, 1.5-1.8 Gy/fraction

» High risk (5 year EFS 30-50%)

36-40 Gy, 1.6-1.8 Gy/fraction

+ metastatic site boosts

Posterior fossa boost: 54-55 Gy
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Why We Use CT For MEDULLOBLASTOMA

» Toreduce RT
use

— Standard/low-risk
medulloblastoma
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CSI doses
A different reached standard

CCG Study: 65 standard risk patients

Surgery

!

CSl123.4 Gy, PF 31.8 Gy + weekly vincristine

!

Cisplatin, CCNU, VCR x 8 courses

PFS 86% at 3 years, 79% at 5 years
Packer, JCO 1999




Phase I1I Study of Craniospinal Radiation Therapy

Followed by Adjuvant Chemotherapy for Newly Diagnosed

Average-Risk Medulloblastoma

Roger | Packer, Amar Gathar, Gilbery Vezina, Liwy Rorke-Adams, Perer C. Burger, Paenicia L. Robertson,
Lisa Bayer, Deboraky LaFond, Bermadine R. Domalnee. MaryAnne H. Marymont, Karin Muraszho,

Jamses Langarn, amd Réichund Sposto

S Chin Onegl 2442024200 & 2008 by Amercan Sooiety of Cinical Onocl gy
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Table 1. Chemoatherapy Regimens

Regirmen Drug Dosage
A
Day 0 CCMU 75 mg/m® by mouth
Day 1 CODP 75 mg/m? intravenously
Day 1,7, 14 VCR 1.5 mg/m?; max 2 mg intravenous bolus,
maximum of eight doses
B
Day 0 CDDP 75 mg/m? intravenously
Day 1,7, 14 VCR 1.5 mg/m?; max 2 mg, intravenous bolus
Day 21, 22 Cyelo 1,000 mg/m? intravenously over 60 min daily

Abbreviations: CCNU, lomusting; CODP, cisplatin, VCR, wvincristing; max,
rmaximum; Cyeclo, cyclophospharmide; min, minute.

0.5

Probability

0.4 1
0.3 1
0.2

0.1

T T T T T T

0 1T 2 3 4 & 6 7
Time in Years From Study Entry

Fig 1. Event-free survival (EFS) and survival from study er

Between December 1996 and December 2000,
421 patients were enrolled on this study.

Randomized regimen
A 1583
B 186

1.07"

0.9
0.8 1
0.7
0.6 7
0.5 7

Probability

0.4+
0.3 1
0.2
0.1

A: CCNU,CDDP,VCRH
B: CPM,CDDP VCR

T T T T T T

1 2 3 4 5 6
Time in Years From Study Entry

Fig 2 Event-free survival from study entry by treatment regimen. CCNU,

lomustine; CDDP, cisplatin; VCR, vincristine; CPM, cyclophosphamide.

aqggio 2026




| Settima edizione di_J1Y1 30 IARIRTS

How much CSl is needed?
Or, how low can CSI doses be if giving chemotherapy?

Michalski et al., reported that 1Q scores of 3—7-year-

old patients were significantly better for the

reduced dose group (i.e., 18 vs. 23.4 Gy) at the .
N earlier evaluations post RT ’type'

» a 5.4 Gy reduction in the CSI dose (18 Gy) was
prescribed in patients 3-7 years (COG ACNS0331)
with a non-inferiority randomized design

» The 5-year OS in SD-CSI and LD-CS| was 85.9% and
78.1%, respectively

» The 5-vear| Children’s Oncology Group Phase Il Trial of 2.6% and
Y Reduced-Dose and Reduced-Volume %
72.1%, FeSK Radiotherapy With Chemotherapy for Newly
Diagnosed Average-Risk Medulloblastoma
» decreasing sisrimmommsmimnenos. e risk of

m-mw~--(-—-e-o~--—v-‘-=r Revwber Saliey W, Sutes Sumar. PO~
T Man, 0" My § Tatall, MO, Supen Fatel. MU len £ Sllach, WMD" Sager & Pache, M0 S L 0"

recu rrence A G WO —h-A athcIn. PO
J Clin Oncol 39:2685-2697. © 2021 by American Society of Clinical Oncology
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What we have acquired for MEDULLOBLASTOMA
Histological subtypes

Classic (CMB)

Desmoplastic/nodular
(DMB)

Nodular prevalence (MBEN)

Large cell/
anaplastic (LCA)




Acta Neuropathol (2012) 123:465-472
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CONSENSUS

Cho (2010)
Northcott (2010)

Kool (2008)
Thompson (2006)

DEMOGRAPHICS
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Molecular Subgroups of Medulloblastoma

WNT SHH Group 4
c6 C3 C1/C5 C2/C4
WNT SHH Group C Group D

A B £ C/D
B Cc,D E A A, C
N/
GRix | ce i e o R |

\5 & ‘5‘
Gende: Q O gd:QQ gd:QQ dT:Q JgT:Q
CLINICAL FEATURES " e
. classic, rarely LCA esmoplastic/nodular, classic, LCA classic, LCA
Histology % classic, LCA
Metastasis rarely M+ uncommonly M+ very frequently M+ frequently M+
Prognosis very good , others poor intermediate
—— intermediate — _—
GENETICS 11p- 11p-
4 . 7+ 8- - 8-
6 3q+ 19+ sq- 7+ X- 8
9q- 17q+ 10g- 179+
10qg- 18g+ 16q- 18g+
i CTNNBT mutation PICHI/SMO/SUFY mutation in7q i7q
- GLI2 amplification MYC amplification CDK6 amplification
GENE EXPRESS'ON MYCN amplification MYCN amplification
"~ N
‘: ! WNT signaling SHH signaling Photoreceptor/GABAergic || Neuronal/Glutamatergic
‘{)M \_ MYC + I\ MYCN + MYC 44+ minimal MYC/MYCN

naggio 2026
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Changes in Medulloblastoma classification- WHO 5" edition

(4

. The histopathological classification of medulloblastoma listed in the 2016 WHO

. These have now 2021 been combined into 1 section that describes them as

classification comprised 4 morphologic types: classic, desmoplastic/nodular,
medulloblastoma with extensive nodularity (MBEN), and large cell/anaplastic.

morphologic patterns of an inclusive tumor type, Medulloblastoma, histologically
defined.

3. WNT activated is a single entity
4. SHH having 4 subgroups
O
Embryonal tumors ——
Medulloblastoma
Medulloblastomas, molecularly defined
Medulloblastoma, WNT-activated ——
Medulloblastoma, SHH-activated and TP53-wildtype * N
EARE. O\, ,."
Medulloblastoma, SHH-activated and TP53mutant e R
_ s ST | ey
Medulloblastoma, non-WNT/non-SHH — ,*_ Lo
Medulloblastomas, histologically defined = & e T3
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How far we can expand this classification?

Subgroup WNT SHH Group 3 Group 4

Subtype WNTa | WNTR SHHa | SHHB SHH vy SHH & ||Group 3a|Group 3p |Group 3y || Group 4a | Group 43 |Group 4y

a0
Subtype { .
proportion e

Subtype od po i E :
relationship —EFEI _|:\'E‘ _LESE _LE o

20 v
) ' * | +f | #f
. - . 1]
.| R i Y ab | A | ah | AR AR | 4
| e ] [ — | 0 T
©
; LCA. " MBEN

g H|stg|ggy Deam " Desmoplastic et s Desmoplastc
B fEsomm—cmo— | ISR E———— R R R N | D— I P, [
g Metastases 8.6% 21.4% 20% 43.4% 20% 39.4% 40% 40.7% 38.7%
L e s T z ~~ P> N T

fg:‘:;‘:‘f' 97% 100% £9.8% 66.2% 66.8% 75.4% 82.5%
o - ag, 10g, Balanced 7,87 107, . 795 8p", . 79, 8,
= Broad E 175" genoms 17,017 lis i17q A 1174 (less)
b T R | [ DU I ISR (N S I | S JE S [N S
j =
. MYCN amip, 10g2z”, OTX2 gain, - MYCN amp,
§ Focal E}l:ia:pf; PTEN loss oze DOx31 lose | MYCMD CDIE amp SNCAIP dup | CDKE amp

TP53 TERT promater| High GFI/1B

Other events mutations mutations exprassion

| ]
Age (years): & 03 f »3-10 “H‘>1o-17 ﬂ >17

Cavalli et al., 2017, Cancer Cell 31, 737-754
June 12, 2017 © 2017 Elsevier Inc.
http://dx.doi.org/10.1016/j.ccell.2017.05.005
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... and which is the
impact of this
refined classification
on treatment?
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Biology in medulloblastoma SIOPE trials -

=  Flexibility

= To adopt validated prognostic criteria
= New designs
= Predictive biomarkers
= FEarly use of new drugs in HR diseases
= Standardized criteria and cross-validation in Europe

=  New WHO entities
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What we have acquired for MEDULLOBLAS

» Craniospinal irradiation is needed
— Dissemination at diagnosis: 20-35% of patients

» Craniospinal doses can be reduced in standard risk
conditions if chemotherapy is thereafter given

5yrs EFS 81%

2 oxd 5yrs OS 86%
04 |
1 Packer
JCO 9-
2006 i

T T T T T T T T T
0 1 2 3 4 5 6 7 8 ]

0.78 £ 0.03, STRT (n=169)

Event-Free Survival
{probability)

i Dad Evin Time Since Diagnesis (years)

Fig 1. Eventdr

JCO, 2012




Settima edizione di AIEOP”. ,,JJJ La_'r) Milano, 22 e 23 maggio 2026

What we have acquired for MEDULLOBLASTOMA
Common strategy in EUROPE

VOLUME 30  NUMEBER 08 - SESTEMEER 10 2012

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Hyperfractionated Versus Conventional Radiotherapy
Followed by Chemotherapy in Standard-Risk
Medulloblastoma: Results From the Randomized
Multicenter HIT-S10OP PNET 4 Trial

Mirgrioa {4
Maura M
Thoemu B
Newh Rody
Veérmaspe
Conventional RT
" |1.8Gyx1 . -
23.4/54/23.4 Gy + Ver Maintenance CT 1.04- H.\
Surgery @ Cisplatin,CCNUVCR " e, 0.81 £ 0.03, HFRT (n=169)
—~ -
e s —
\ HF RT P 8 cycles =
3z 0.78 + 0.03, STRT (n=169)
1.0Gyx2 A= 06
36/60/68/36 Gy + Vcr =
£3
: £s ™
Study accrual: H
e Jan 2001-December 2006 a 0.24
* 340 patients, 9 Countries, > 122 Centres P
* Web-based data collection . T T . r r T . .
¢ Final evaluation 2010 B ! = 2 4 B 8 4 a .
o Stratification by clinical risk factors Time Since Diagnosis {years)
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What we have acquired for MEDULLOBLASTOMA
Common strategy in EUROPE

Pubiished Ahead of Print on July 30, 2012 as 10.1200/JC0 2011.29.8719
The latest version is at hitp-ijjco.ascopubs orgicglidou'10.12000JC0 2011 .39.8719

JounNaL oF CLiNIcAL ONCOLOGY ORIGINAL REPORT

Hyperfractionated Versus Conventional Radiotherapy
Followed by Chemotherapy in Standard-Risk
Medulloblastoma:; Results From the Randomized
Multicenter HIT-SIOP PNET 4 Trial

[R— - - YU S —

V:". 'l o ’il.d.— ;
ey 3 X 0.82 + 0.02, residual tumor < 1.5 cm? (n=286)
§ 028 ’
'2 — 0.71 + 0.10, no central stagine review (n=21)
s 2 .
= 064 .
o D 0.64 + 0.09, residual tumor > 1.5 cm? (n=31)
o ®
c =]
o S 04-
c =2
o
>
- 0.2+
Ovanali P« .
L L 1 Ll 1 L L L] L
0 1 2 3 4 5 g 7 8 )

Time Since Diagnosis (years)

SIOP PNET4: Residual tumor and staging
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Complete surgery

» Extent of resection is still thought of as a
prognostic variable in medulloblastoma when
overt metastatic dlsease IS eXCIUded by Inltlal Histodogical Variants of Medullohlastoma Are the Most Powerful Chnical
Staglng Prognostic Indicators

Maiwra Massbmminn, am,'* Masile Amborwlil ser, ' Dnrenes Gandels, un,* Rowdba Ml e, * B Pal, s
Vovomica Blnsonl, v Fliabetta Sobiavelba, us,' Francew s Rosans Buttardli s Mg Spreaficn, wo

» Its influence on PFS and OS however is not clear e ioir g B meos gt

Pkt ihwnt £ pmnye 201 A0l 20 S 10

» Apart from the CCG-921 trial, done in the pre-
magnetic resonance imaging (MRI) era, there are

roughly an equal number of studies that identify, s W
or not, an association between increased extent s ==
Of resection and os Risk stratification of childh 1 Iullohlast in the molecular
vrar the curren! consensis
» It is probable that the prognostic benefit of a total A i M St B B oy Bl
. wien D’ < Marvet howd® 1 it Invny

o Ul e
s Vool TR TR O W™ - K ven IST™ - B Panech'!

resection is attenuated after accounting for P . Nt Awa Ll it W, Mo st Pt

N Lnber ™ Mears Mooress''  Barrs o™ - Baor Pt ™

Shton Rt ™ < sotan VL PRoar™ Wbt B Tarbe e L P

molecular subgroup affiliation

» Residual tumour without any other high-risk
factors cannot be considered high-risk disease
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Clinically-driven

Standard

Standard

Biologically-driven

Standard

Favourabl

High-risk

<+ Standard SIOP-MB6 ’ 2 SIOP-YC-MB-LR
> 2023

28

Favourable

Courtesy of Prof Clifford
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SIOP PNET 5 ViIB

EudraCT-Nr. 2011-004868-30 -

O European study (16 countries) for children older than 3 to 5 years

O Stratification according to clinical and biological criteria

- LR: Low-risk medulloblastoma (Phase II; Co-PI: F. Doz)
- SR: Standard-risk medulloblastoma (Phase lll)
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P N ET 5 M B Patient eligible for

PNET SMB
- o

PP—— __," Introduction: age e ey T ey

T“"'" B-catenin mutation (mandatory) and
s ositive | megative monosomy & (optional) analysis
peoportion . \'

Satrype
wharonnp

Introduction:

' | Age <16.0 Age >16.0
M A6y ;' \ aCGH
=" l
i VR ey ey PNETSMB-LR PNET SMB - SR
o I
sk L Central imaging Randomisation
witrcsd g § and RT review
Radiotherapy Radiotherapy Radiotherapy +
18 Gy CSI alone Carboplatin
(without (without 35 mg/m* 5 times/week
vincristine) vincristine) (without vincristine)
Maintenance Chemotherapy Maintenance Chemotherapy
ABA BAB ABA BAB AB

28
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Successful hypothesis in PNET 5

< Please note: positive nuclear expression of B-catenin is NOT considered a robust marker for >

Re: Treatment of patients below 16 years of age presenting with ROMO WNT group
medulloblastoma

As you know, the first results of the PNETS MB LR arm have been reported at the last SIOP meeting in
Amsterdam, October 2

The main objective was reached with a 3-year EFS rate of 91% In the per-protocol analysis (and 88.8%
in the intent to treat analysis).

Based on these good resuits, and betfore the opening of the future SIOPE MBS study, we may
recommend today the PNETS MB LR treatment as a standard in ROMO WNT group medulloblastoma
diagnosed before 16 years |as we agreed during our recent meeting in Porto).

However, this is only true in the conditions of the per-protocol treatment:
/ «  Age <16.0 years at diagnosis \

- Confirmed RO [R<1.5cm’ |
Confirmed MO

- Classic or desmoplastic histology

- Confirmed WNT group: CTNNB1 mutation AND at least one additional molecular feature of
WNT medulloblastoma [defined as isolated monosomy & and/or WNT methyiation group by
DNA methylation or RNA expression profiling, using methods accredited according to
national requirements], and no other biological parameter incompatible with this diagnosis.

the definition of WNT status.
- Radiotherapy to be started within 28 days from surgery {maximum 40 days)
o Careful review of radiotherapy plans
o Brain 18 Gy in 10 daily fractions of 1,8 Gy
o Spine 18 Gy In 10 daily fractions of 1,8 Gy
o Primary tumor boost 36 Gy in 20 daily fractions of 1,8 Gy (total dose to primary
tumor 54 Gy in 30 daily fractions of 1,8 Gy
o Safety margins according to the PNETS MB protocol recommendations
Maintenance chemotherapy: To be started 6 weeks after end of radiotherapy _)
o &cycles BA_BA_BA
Regimen B: Cyclophosphamide (1000 mg/m’ day 1, 2) Vineristine (1,5 mg/m’ day 1)
Regimen A: Cisplatin (70 mg/m’ day 1) CCNU {75 mg/m’ day 1) Vincristine (1.5
mg/m’ day 1, 8,15)
o Recommendations of dose adaptation according to PNETS M8 LR should be followed
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Translational Outputs

Diagnostics Policy & guidelines Function & Therapeutics
=L D RE
- Genomics =-. e et S Il‘lﬁfiff;f dicfz.
> i Cune
Tl Fai .
c re o | T C C RNy
5""' n ! MEDICINE 11 1
L ol PAWAN -:iniirics B0
s Pa WP5 Biomarker Risk-stratification Patient Target
Translational implementation models management discovery

outputs
Qﬁﬁconrec’f e I

v v

A
m Next eration Non-infant Infant
xi-genera
: SI0P-HR-MB (v2.0) SIOP-YC-MB-LR (v2.0)

linical trials IOP-MB-
S e a oo SIOP-YC-MB-HR
Paediatric Oncalogy in the Developing
Countries

it
i,

FTIETH SR WICA
YA O PETITHG

Translational programmes LMIC

Courtesy of Prof Clifford
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( Clinically SR MB |

‘ 0
v %ﬁ Randomized Phase Il surgical question in N\
— participating centers
Max. safe Max. safe l Limited surgery l Endpoint: early direct neurocognitve assessment
resection resection
92 (46+46) patients
l Re-surgery l Alpha 10%/1-sided test/Power 70%

1 cycle
Carbo/Eto
[
) 2
( Stratification )
{
FR
VFR SR
HH-TP
(WNT, incl. APC) G3 4(VSVCA RF53V\g/T Vil (G3-4 HR)
Exp. PFS ~90% : or ) Exp. PFS 65%
L p- Exp. PFS ~90%
1
[ 60-80 WNT ] [ 30-40 SHH & 70-80 G3G4 ] [ 180-200 G3G4 ]
-
15GyCSl +Boost
4cyclesB 18GyCSI+ Boost 2ndcycle Total No ~380
(also if limited surgery) 4/6 cycles BABA Carbo/Eto tient
L 23.4GyCS| SC-harvest patients
6/8 BABA HD-TT i i .
Single-arm phase Il Single-arm phase Il 4 23.4Gy CSI Trial duration 6 (-8) years
Endpoint: PFS Endpoint: PFS .TMZ
87 patients 78 patients minimum - Participating SIOP-E
Design 1-arm non-inferiority Design: 1-arm non-inferiority Randqmlzed phase IlI ——
Alpha 5%, power 80%, Alpha= 5%, power 80% Endrzomt: P)FS :
6,5 years recruitment 4.7 years recuitment min 196 (98+98) patients
HRL1.77 (+15% PFS@5years) Sponsor Germany
Alpha 10%, power 70%
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Conclusions: What We Have For
Standard Risk Medulloblastoma

» NO NEW DRUGS but
— Risk tailored protocols
— And NEW way of using old drugs
* Less toxicity forecast for «better» disease
* Shorter duration

* Sinergy (RT + CT/HDCT) evaluation for «less
good» diseases

» “smaller” surgery?
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SMILE: An International network for Medulloblastoma SMILE
Survivorship and Late-Effects L .

MB cohorts /

Modelling/
Functional

porary
survivor

Molecular Survivorship /
epidemiology Quiality of Life

Neuropsych /

Intervention

A multidisciplinary network in MB survivorship

Courtesy of Prof Clifford
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Best current experience cohort-based molecular survivorship studies

e,

An International network for Mediilob
Survivorship and Late-Effects |

NEEREITEAA

Archival trial data (1990-2006)
> PNET3 and PNET4

PNET3 and PNET4; QoS

’ Clinical ¢ Quallfy’ of S
- ::—--..——::-.-- data surv.val ' ?Ermmmﬂltultmnu:suawlm

e & 5 _:' = Padiatric Qualay of Lite Inventory | Peds0l)

o —

PNET4; NPS

Cagnitive measures

il creammessmm—— Ll

<OPZEOCIIECY N o auRs » Full Scale intslligence Duotient [FEIQ)
Ay ety wn GSTEL s = Performance Intelligenos Quotient | PG|
N i B N Epog « Processing Speed Incke: {RSI)

e A e « ekl Intefligensce Quotient (V1G]
ey “ DTNEP  Working Memary Indas [Whl)

o o A S

Courtesy of Prof Clifford
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Medulloblastoma at relapse is
an almost hopeless disease o ﬂ
H . . . X e o
» No cure with surgery + re-irradiation R

» No cure with high-dose chemotherapy*
» No cure with standard second-line chemotherapy®°

» metronomic efforts...

...and target therapies? o e o o e

»
JAMA Oncol. 2023;9(12):1688-1695. doi:10.1001/jamaoncol.2023.4437

Published online October 26, 2023.
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Big Hope Was Put On The Possibility
Of New Therapeutic Targets

PTCH1 @ ‘ SMO @

FRZ

@ Diagram of the Hh Pathway
“h

.hl("‘
¥ | o
.:: tg’t‘ ﬁw >0 g @

V. N

PICHT e treamsorbnre seceptor for |t normaity intetls P ';qunnr‘dnn oty
MW = wlry Shockng he P

ai and L i
PTCHT UI o Othr gures ".\Om 0 e H(ttb F .lcnd affarontiabon

NATURE CLINICAL PRACTICE CONCOLOGY

AR & 8 +, |Nes
MAY 2007 VOL 4 NO S5 POLKINGHORN AND TARBELL *F" |
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N Engl J Med. 2009 Sep 17;361(12):1173-8
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“ BRIEF REIORT ”

Treatment of Medulloblastoma
with Hedgehog Pathway Inhibitor GDC-0449

Chardas M. Rudin, M.D, PR, Christing L. Hans, M.D,, PR.D,,
John Laterra, M.D., PhD., Robert L. Yauch, Ph.D.,

Chnstophar A. Callshan, MO, PhD, Ling Fu, M.D, Thomas Halcomb, M.S,
Jeremy Stinson, 0.5, Stephen E. Gould, Ph.D.. Barbara Coleman, RN, CCRP,
Patricia M. LoRusso, D.O, Daniel D, Von Hofl, M.D., Frederic ). de Sauvage, Ph.D.

and Jennifer A. Low, M.D, PhD.

SUMMARY

1 i the most mn(mmmlnmm
o0 of the Sedpedoy sgnaln y is strongly implicated in the develop-
mdmcmduﬁﬂoﬂnm;ﬁmddmmmmm
bl that was refractoey iple therapies was treated with 2 novel hedpehog
thway inkibiy (1000‘49; “‘nupdﬂhoughlnn-nbw-
sion of the tymor and red fon of sy lyses of tumor spech
wwhmdb&nmwum“md&em
pathway, with Joss of b y posiny el dlhpn-callng
patched Somologue 1 (PTCHI), a key f' regulator of hedpehog signaling

Figure 1. Tumor Response on Positron-Emission Tomographic (PET) Scanning.

Whole-body projections from *2F-fluorodeoxyglucose (FDG)—-PET scans are shown. Panel A shows the pretreatment
scan; Panel B, the repeat scan after 2 months of therapy with the hedgehog pathway inhibitor GDC-0449; and Panel C,
the repeat scan after 3 months of therapy.
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Anti-SMO in Europe

The 5-gene Hh Signature

Up-regulated

pajenBas-umoQ

Control genes: HUWE1, YME1L1, SOD1, LARP1, ZP2*

*2P2, up-regquiated in normal cereballum samples, was used o anatyze non-tumor sample contaminaton present in FFPE samples.

GLI1, gloma-associated oncogene homolog 1; HUWE 1, HECT, UBA and WWE domamn contaireng 1, LARP1, fa nibonucieoprotein domain
tamily, member 1.0TX2, onhodenticle homeobox 2, SHROOMZ, shroom family member 2, SOD1, supercode dismutase 1, soluble POLIMS,
PDZ and LIM domain 3; SPHK T, sphingosne kinase 1, YME1L1, YME 1-ika 1, ZP2, 2006 pellucida sperm-binding protein 2

Novarlis, data on file, 2012
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SHH Inhibition Is Not Enough

» Tumorigenesis is a more complex event

» LDE225/vismodegib resistence correlates with germ-line
mutation like SUFU (infants) and amplification of GLI2 e
MYCN (and TP53, 5-16 years), «downstream mutations»

» Adults medulloblastoma, the most commonlvPTCHand
SMO mutated, are the best to obt:

w B anmssen D o by g e e B soien B et 0905 i

Cancer Call B c
s @) @ @
oo @ U @
Genome Sequencing of SHH Medulloblastoma -
Predicts Genotype-Related Response 94 loss .’ ‘ _, g
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Cancer Cell 25, 393-205, March 17, 2014 £20174 Elseveer Inc.




Settima edizione di AIEO P.” ,,,]U LJ:J_'U Milano, 22 e 23 maggio 2026

doi: 10.1002/cam4.1171
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[Open Access
REVIEW

Medulloblastoma in children and adolescents: a systematic
review of contemporary phase | and Il clinical trials and
biology update

Francisco Bautista' &, Victoria Fioravantti', Teresa de Rojas!, Fernando Carceller®, Luis Madero',
Alvaro Lassaletta’ & Lucas Moreno'#

Clinical R

1 Cell Transpéant Cepartment, Hospital Intartl Universitana NIND Jesus

1, The Royal Marsden NS Foundaton Trust. London, UK

of Resaarch, Londan, e

» Overall, 662 patients with medulloblastoma/primitive neuroectodermal tumors were
included

» Median (range) objective response rate (ORR) for patients with medulloblastoma in phase
I/1l studies was 0% (0—-100) and 6.5% (0-50), respectively

»  Temozolomide containing regimens had a median ORR of 16.5% (0-100).

»  Smoothened inhibitors trials had a median ORR of 8% (3-8)

Novel drugs have shown limited activity against relapsed medulloblastoma
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Age 0-14 y (N = 16,044)

Age 15-19y (N =6,747)

Neurol Clin 36 (2018) 533-556
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Also diagnosis is very difficult

» The classification of a glioma requires judgment,
experience, meticulous adherence to guidelines

— Pollack I, Neuro-oncology 2003

» The rarity and histological heterogeneity of these
tumors can put even experienced pathologists in
difficulty

» They will be able to make different diagnoses on
different samples of the same tumor
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Paediatric and adult malignant glioma:
close relatlves or distant cousms”

Jones, C. et 3l Nat. Rev. Ciin. Onool. 9, 400-413 (2012} pubiished online 29 May 20 nminonc. 2012 .87
Chris Jones, Lara Perryman ar\c' Darren Hargrave

»  HGGs in children have long been considered the same disease as adults

Not true... beginning from topographic differences

HGG Adults HGG Children

brainstem 1% 50%
80% DIPG

20% non-DIPG

Basal nuclei rare 10-15%

Supratentorial 90% 20-30%

Spinal 3% 3%
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Adult and childhood HGG... Close relatives or distant cousins

e Although children's HGGs appear to be histologically similar to their adult counterparts, they
follow different genetic pathways from those that operate in adults

eNature Genetics, Wu G, 2012

* The association between age and genetic alterations between pediatric glioblastomas indicates
the probable existence of distinct pathways of molecular tumorigenesis in younger than in
older children
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They both look daisies
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The seeds are however different

chrisantemus
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Adult and childhood HGG... Close relatives or distant cousins

» Mutations of histone H3 were identified in 78% of intrinsic pons
tumors (DIPG) studied and in 22% of non-pontine gliomas

— Nature Genetics, Wu G, 2012, Nature

» These mutations in the single histone H3 are associated with the
assembly of chromatin and may represent the pathogenetic event
of children's pons gliomas
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Table 2 | Location-specific and age-specific genetic differences in malignant glioma

Genetic abnormality DIPG* HGG?
Infant Child Adolescent Young adult Oider adult
(<3 years) (3-14 years) (14-21years) (21-44 years) (>45years)

Tranaformation NR - - + re *

Number alterations ++ - + + -t 4+

Gain of 1q ++ ++ . e + =

Loss of 16q . +- - 4 - -

Stable genomes - +4 e oy = =

Gain of 7 ' - - - o

Loss of 10q ‘e . . * .

EGFR amplification + - . ' .

POGFRA amplification ® - o o o o

COKN2A or COKN28 deletion - + -+ et b e

p53 pathway alterations @ s s 4 a4 s

PI3K pathway alterations 4+ + o+ 4 -+ 44

Rb pathway alterations 4 + + + 34 44

BRAF VEOOE - = + C+ D + =

IDHI R132X = = ~ C+ D s '
H3F3A K2TM o NR @ < . 2
HAF3A G34R/V <= NR + > + _
HIST1H28 K2TM ++ NR = - ; i

*Peok agoe 4-% yoars. Grade not specifiod; ndratontonally located. *Supraternonally | d. Abb =, Jow; «, mod: a0, highs +4+, vory high; DIPG,
diffuse intrinaic pontine gioma: HGG, highgrade ghoma; NR, not reported,
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Many Different High-grade Glioma
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| Associations between sites and gene mutations

*
Former « DIPG »

Median age : 7 years
0S : 11.2 months BRAF

Mean age : 8.7 years
Radiotherapy

0S : 17 months
Surgery-Radiotherapy-Chemotherapy

Il
RI32H
WHO CNS5 pHGG subtypes Locations Molecular characteristis
TS SO R ST T, o > ~
(a) DMG H3 K27-Altered
(b) Diffuse hemispheric glioma, H3 G34-mutant Cerebra! hemlspheres Mutation G34R or G34V in H3F3A ———
(c) Diffuse pHGG H3-WT and IDH-WT Supratentorial, brain MYCN or RTK1 or RTK2 amplification etc. ;mfnnu) =
stem or cerebellum "
FGFRI
(d) Infant-type hemispheric glioma Cerebral hemispheres  Fusion genes ALK, ROS1, NTRK1/2/3, or MET H33. M All focationk
o _/ e K27M TP 5 J
ATRX o
DAXX PDGFRA
ACVRI PIKICA and PIKIR]
H31K2T™
ACVR1 (youngest DIPG)
OLIGT FIGURE 4: Spatiotemporal association of mutations in pediatric
Pans high-grade glioma. Clear associations between spedfic mutations
and age- and location-dependent subgroups of pediatric HGG

oLIG2
[ Medurs oblongasa

Baker SJ, Ellison DW, Gutmann DH. Pediatric gliomas as neurodevelopmental

Rishi R. Lulla et al. Sci Adv 2016;2:e1501354
disorders.
Glia. 2016 Jun;64(6):879-95
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Table 2. Comparisons Between Participant Feedback on the Revised CNS4 in 2016 and Changes Implemented in the CNS5 in 2021

Paedlatnc HGGWHO Relevant Survev Questlons Problem Conﬁ rmed Addressed by Pediatric HGGWHO 2021

Addressing . = NHO 20217

5 New: “DMG H3 K27-qltered” WHO grade 4
. = Subtype 1: H3 K27M-mutant (most common) fuith loss

« Subtype 2: EGFR-mutant
Aq - Often bithalamic high-
\Z - Occasionally with superimposed H3 K27M mutation Ja. IDH/
w = Subtype 3: H3-wildtype with EZHIP over-expression e

= Loss of H3K27me3 by IHC in all 3 subtypes -

= Most commonly young kids for DIPGs and AYAs for
P thalamus and spinal cord s
ol = All WHO grade 4 by definition [ o
Gliomatosis ce- Neuroradiological defined  Yes: 58.7% No ;:';;;;:ld
neuroradiological cerebr stllnesded?  No:400% i b
diagnosis Podistric high-grade gliomas snd the WHO CNS

Tusmor Clasification —Farspectives of pedintric neuro-
pecologists and nenrapathologists in Ught of recest

B O s Verdon, KA Whiiinn ven Lbs.
- s Wkt

hats v Hovwg 2
Brbert otomm, B Botes v Frinet Fotpe Avduotn’, soet Chetwsnt W Kryred
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But What Is The Standard Therapy?

» There is no universally recognized chemotherapy standard on
which the history of pediatric HGG therapy can be built

» Very few randomized trials have shown an advantage in the
use of chemotherapy

» The adjuvant use of lomustine, vincristine and prednisone was
considered the standard of the 90s with EFS 46% vs 18% at 5
years with or without the use of chemotherapy

» Sposto R 1989
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Which Standard Chemotherapy?

» ... But the differences were much smaller after
the histopathological review

— Fouladi M 2003

» Doubtful benefit of concomitant chemotherapy
and subsequent radiotherapy in the presence of
large residual disease even with intense
treatments

» In fact, the most solid prognostic indicator
remains the presence of the post-surgical residue
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» It is difficult to develop randomized trials when the OS
of the standard arm is less than 10%

» But, otherwise, the use of historical control arms is
dangerous especially when comparing patients treated
one or two decades earlier

» Drugs found active or inactive in adult HGG trials
cannot be assimilated for efficacy in the treatment of
pediatric HGGs
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Something new and successful available?
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Many mutations...but drivers?

Anti-BRAF Trials also in HGG

» BRAF V600E mutations were detected in
approximately 10% of pediatric HGGs

— Roth, 2014; Schiffman, 2010; Nicolaides, 2011

» The prognostic significance of BRAF V600
mutations is not known in this setting

Title: Phase 1TIa. 2-Part. Mudt-Center, Sengle-Anm, Open-Label Study
10 Deteruune the Safety, Tolerabalsty and Pharmacolanetics of
Oral Dabeafesd m Chuldren and Adolescent Subpects with
Advanced BRAF V60O-Mutatioa Positive Solsd Tumoss




AIEOP... 1) Lu)
Efficacy of dabrafenib alone

»Historical data suggests ORR of 11% for chemotherapy in this disease
»HGG with BRAFV600 (N=31) — ORR 45%
—Historical data not available for BRAFV600 mutant HGG ORR
—Unselected HGG ORR is less than 12% - most reports less than 5%
—Duration of response in HGG is significantly greater than 4 months (7.7)

—Data from Heidelberg suggests favorable prognosis for BRAFV600 mutant HGG
patients (PXA methylation like)

Neuro-Oncology Practice Original Reports | Pediatric Oncology

©®Phase |l Trial of Dabrafenib Plus Trametinib in Relapsed/
TR e LR A il Refractory BRAF V600—Mutant Pediatric High-Grade Glioma

mutation-positive thh_grade ghoma' Results from Damen R. Hargrave, MD, MBChE, MRCP, FRCPCH' (3); Keita Terashima, MD, PhD"; Junichi Hara, MD, PhD* (3; Uwe R. Kordes, MO* (5;

phase 1/2a single-arm study Santhosh A Upadhysya, MD* (@); Feiix Sahm, MD, PhD, MBA®™™ ). Eric Bouffet, MD" (3); Roger J. Packer, MD'; Olaf Witt, MD,
Lanssa Sandalic, MSc''; Agnieszka Kieloch, MSc'; Mark Russo, MD, PhD™ (3, and Kenneth J. Cohen, MD, MBA™ (). on behalf of all the
Investigators involved in the high-grade goma cohort

Birgit Geoerger, Lucas Moreno, Eric BouMet', Santhosh A, Upadhyays, Nicolas Andre,
isabelle Aerts ', Ashley S Plant-Fox, Michael Roughton, Mark Russe, and Damen Hargrave

LO0 It/ don ong 0 12004300 2300558
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One year of excellent remission
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histone H3-K27M is not mutually exclusive
with BRAF-V600E mutation

» histone H3-K27M mutation rarely co-occur with BRAF-V600E mutation, and is
commonly associated with p53 overexpression, ATRX loss (except in pontine
gliomas), and monosomy 10 (Childs Nerv Syst . 2018,;34:107-116)

» Better prognosis according to Brain Tumor Pathol. 2019,;36:162-168
» Not confirmed by Neuropathol Appl Neurobiol. 2015,41:403-8

» These results indicate some overlap between the genetic alterations of paediatric
LGG and HGG

» All authors describes entities histologically difficult to characterize
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TRK fusion

*Some tumors express TRK gene fusions, even in the
pediatric field

*Sarcomas, papillary thyroid tumors, nevi, inflammatory
myofibroblastic tumors, leukemias ... and gliomas

*The latter are mainly in young children

*This is a rare occurrence (0.34%), but "targettable"

*Entrectinib 79% (with interest also in ALK and ROS1
rearrangements)

*There are also drugs for already resistant tumors

ASCO 2019
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ARTICLE
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Alterations in ALK/ROS1/NTRK/MET drive a
group of infantile hemispheric gliomas

Aru & Gumrvarn Sichind o 2

Infantile gliomas are
mostly single-driver
tumors and they are
particularly suitable

for precision medicine
treatment approaches
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Presented By Giles Robinson at 2019 ASCO Annual Meeting Th roug h proper
Measureable and /\ f\ /’\ evaluation in clinical
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Very rare subtypes

For the IDH mutant pHGG subgroup, blood—brain
barrier penetrant IDH inhibitors have been
developed for glioma trials (NCT02273739,
NCT03343197, NCT02073994 and NCT04056910).
These may be specific to IDH-1 (ivosedinib), IDH-2
(enasidenib) or both (vorasidenib). e sind B 11
In addition, the use of PARP (poly-adenosine 50- -
diphosphate-ribose) inhibitors alongside T S
temozolomide as a radiosensitizer is being explored | s
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Immuno-onco-therapy is a "new" therapeutic weapon against cancer

Immunotherapy for Brain Cancer

Cancer vaccines

“heckpoint inhibitors

Oncolytic virus therapy

Adoptive cell therapy
Adjuvant immunotherapies
Monoclonal antibodies
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Check point inhibitors: Concrete benefitin HGG due to
Germline Biallelic Mismatch Repair Deficiency

» cMMRD is a high penetrance pro-cancer syndrome

» "His" glioblastoma has the highest mutational burden of
human cancers, much higher than melanoma, lung and
Gl cancers

» All neoantigens are hypothetically responsive to
checkpoint inhibitors due to the activation of T cells

» Hence the possible therapeutic response of glioblastoma
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»

Joumsas or Cunieat OneaLoay

lvmune Checkpoint Inhiabition for Hypermutant
Clioblistoma Multforme Resulting From Germbine Malledic
Mismarch Repair Deficiency

Treatment of two brothers with
relapsed glioblastoma

Clinical and radiological response
lasting at least 5 and 9 months

B Aftor radictherapy Rocurrence
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Low-grade glioma

» Management of pLGG is intimately related to surgical resection, and complete
resection remains the most favorable predictor of patient outcome

» achievable for superficial lesions
— the cerebral hemispheres or posterior fossa,
— not always feasible for deep seated or highly infiltrative tumors

»  Progressive residual disease has historically been treated with adjuvant
chemotherapy or radiotherapy

» These treatments are associated with longterm sequelae and, particularly for
radiation, increased mortality

» Up to 50% of patients will require adjuvant treatment

— Acta Neuropathologica Communications 2020; 8:30
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cerebellar astrocytomas

» the tumors are generally well circumscribed and non-
invasive

— Large cysts with a solid mural nodule
— Solid with smaller cysts throughout the tumor substance
— Wall is mostly reactive and not-neoplastic tissue

» Growth behaviour in the first two years from diagnosis can
be predictive of future progressiveness and death

— Journal of Cancer 2019; 10:6314-6326




I Indications to stanéﬂn-surgical treal:mf;n ' _

Indications to start non-surgical trestment in wressctable LGG

Radiologic eriteria

- Increass of tumour volumes of > 25 % (the increaszs of the diameter of the optic nerve should be indicsted separately) asz per RAPNO worlang sroup sndslines
- Involvement of previously uninyolved areas

- Appearance of new lesions

- Increase of the number and/or size of metastases

Neurologic sympioms - . » )

- encephalic syndroms ' v F K
- Focsl meurologic deficits subssquent to tumour growth o 8 BIC Pasdianic Oncelony n
- Drug resistant setzures with or without fumeour srowth bovees St

- (Focsl) increazsd infracramal pressure subssgquent to tumour growth ™

_ E}mptumahl: metastasss :{in:::;x:::::: clinical practioe recommendations for prisnary podiatric =
Inﬁ].ltx Ploemib. Noks hatrm St inretisnn Nhivaten Avuile bt . Madurs Uirieh

— Infants below 12 months of age with chiasmatic-hypothalamic tumours W, Thomale ', Astrid Sebesmed . A XX, Schrusen- Van Meveren *, su bl o the

errheegtneny WPy LiK, Werteg (g

Ophthalmologic symptoms:

- Defimtive losz of wision

- Borderline vision (“Threst to vision™) e T e e e e e e i
- Reduction of residual loswy level visionAvisual fizld e e D
- Nyztagmus as a result of visual impairment in infants

- Any vizual loes in the zecond eye when the first eye 1=z blind

- Viznzl detenioration on follow-up, a significant loss iz defined as more than or equal to 0.2 LoghAR

For patients with SEGA(s) mTOR mmhibitor iz indicated when they raquire intervention and:

1. The tomour 1= not amenables to surgery

2. Surgery 1z contraindicated

3. Eurgical approach doez not alloww complete resection
4. In caze of bilateral formix lezions.
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Pedatric low-grade glioma in the era of
modecular dlagnostics
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Low Risk Intermediate Risk|  High Risk
c
: @ W
O [Hemisphenc (1p1) (Diencophalon (2pts) Extensive Disserminaton
=l [Caraboltum (1pt) [Beainstem (3pts) (Spts}
Spingd Cord {1p8)
FA (1pt) LGG, NOS (2pts) PXA (3pts)
§ GG (1ot) , [00G {2pes) ’ ’
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© |GNT (1p1)
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MYB (1pl) IDM1 SNV {2pes) ¢ COKN2A Del.
o |FGFRI-TACC! (1p1) ALK Fusion {2pts) {Spns)
@ |FOFRI-TKD [1p1) NTRK Fusion (2p15) H3 3 p K2TM {Spas}
= FGFR2 Fusion (1o1) ROS1 Fusion (2pts)
8 KIAAT549-BRAF(1p1) IFGFRT SNV {2p8s)
D [Other BRAF Fusaonsd 1pt) |BRAF p VBOOE (2pts)
O |CRAF Fusions (1p1) Urdrown (2p18)
= [MET Fusion {1pt)
KRAS SNV (1pt)
IMYBLT (1pt)
n (4] ~
(]
o
<
14-18 yoars {-1pt) 3.13 yoars (Opts) <3 ywars (1pt)
N
3-4 pts, 5-6 pts. 7+ pts.
3 Y i\
Conservative Proactive Aggressive

1. Surglcal Resection
2. Waich & Wait

Ryall et al. Acta Neuropathologica Communications

1. Surgecal Resection

2. Chernatharapy/Targeted inhibitors

3 Close Survmilance

1. Surgicsd Ressection
2. Chemotherapy
3 Clinical Trials

(2020) 8:30
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Low- grade gliomas
BRAF/MAPK Alterations in Most LGG/PA “Converging”
» Pedi Mutations in a Single Pathogenetic Pathway accounts
for ¢ —
Sz msin e ,
» The FaFRS muston - r a third
of al Ko e iy
» Oth OOE
mut fusions,
» Asu “tyrosine
kina are more
freq . KIAA1549

D.Joneset Al, Nat Gen 2013




The Journal of Clinical Investigation  http;//wwwjciorg  Volume 118 Number 5 l\l:\y'ZD(I)S v Sastiet CIV 1) SR S
BRAF gene duplication constitutes a
mechanism Of MAPK pathway Analysis of BRAF VOOOE mutation in 1,320 nervous system tumors
BRAF Mutations And Fusion According
To Topographic And Histologic Variety
* BRAF Mutations activating MAPK (mitogen-activated protein kinase) pathway represent the most
frequent genetic alteration in low-grade glioma
*  KIAA1549-BRAF gene-fusions are common in cerebellar pilocytic astrocytomas, but not in cerebral
cortex, while BRAFV600E mutations are more frequent in pleomorphic xantoastrocytoma,
gangliogliomas and in a small subset of pylocitic astrocytoma

Pilocytic astrocytoma, i
cerebral hemisphere HN:::“;IIB
(n=20f 15; 13% (n=16 of Z7; 59%)°

Pilocytic estrocyioma,
deep gray matier
{n=170of41; %P
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1 . Biology and surgery in LGG
QL-_-

— The last decade has produced unparalleled
(R insights into the underlying biology of pLGG

ERAF p VEOUE 15

— we now know that the majority of pLGG are
driven by a single genetic event resulting in up-
regulation of the RAS/MAPK pathway

— Due to its predilection for arising in highly
circumscribed histologies (pilocytic astrocytoma)
and in surgically amenable locations (cerebellum)
tumors with a KIAA1549-BRAF fusion are often
amendable to complete surgical resection and
have excellent overall survival and rarely progress

IEYIRTER
SRR

- apaeennune
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» Kinase inhibitors have been successful in the therapy of malignant melanoma, including
BRAF, MEK and ERK inhibitors targeting the MAPK pathway; PI3K, AKT or mTOR inhibitors
targeting the PI3K pathway and some newer FGFR inhibitors are in development

» Itis essential to understand the biology of these oncogenic pathways, as there are risks
of paradoxical signaling activation via feedback loops with targeting of some nodes

»  Preclinical studies of BRAF V600OE-mutated pLGG cell lines treated with a type 1 BRAF
inhibitor are effective in switching off MAPK signaling, while treatment with the same
BRAF inhibitor in BRAF KIAA1549-rearranged cells can cause paradoxical pathway
activation and increase cell growth

3 PI3K and mT OR
i \”‘".
\9/
- a:*‘,
| SR
f ? DD D |,‘,
\ @ D
® @ 92 .)t’

Fig. 1 Sacuented godeds

Neuro-Oncology 16(10), 1408-1416, 2014




Summary of ongoing trials j

with MAPK pathway inhibitors.

| Setiima edizione di I\ 10) JITNINS

Trial

Study start Population

Intervention

Newly diagnosed disease
Tadpole G (NCT02684058) [16.65]

COG ACNSI1831 (NCT03871257) [106]
COG ACNSI1833 (NCT04166409) [107]

LOGGIC (In Preparation)

MEKTRIC (NCTO05180825) [108]

Recurrent or Progressive discase

PNOCO26/DAY101-001/FIREFLY-1
(NCT04775485) [109]

PBTC-055 (NCT04201457) [71]

COG ACNSI1931 (NCT04576117) [110]

Paediatric MATCH (NCT03155620) [111]

Phase /I MEK162 Ras/Raf Pathway
Activated Tumours (NCT02285439)
[112]

SJ901 (NCT04923126) [113]

PNOC021 (NCT04485559) [114]

2017

2019

2020

2022

2021
2019
2021
2017

2016

2021
2020

Newly diagnosed BRAF V60OE-mutant
pLGG

Untreated NF/-associated pLGG

Untreated non-NF! and non-BRAF
V60OE mutant pLGG

Newly diagnosed non-N£I mutant pLGG
patients who need further treatment after
initial operation

Newly diagnosed non-NFI, BRAF wild-
type pLGGs

Recurrent or progressive BRA/-mutant
pLGG

Recurrent or progressive BRAF-mutant
pLGG or pHGG

Recurrent or Progressive pLGG

Ras/Raf pathway activated tumours

Ras/Raf pathway activated tumours

Recurrent or progressive pLGG
Recurrent or Progressive pLGG

Randomised phase 2 - dabrafenib

(BRAF1) + trametinib (MEK 1/2i) versus
carboplatin and vincristine

Phase 3 - carboplatin + vincristine versus
selumetinib (MEK1/2i)

Phase 3 - carboplatin + vincristine versus
selumetinib (MEK1/21)

Phase 3 - MAPK inhibitor versus physician’s
choice

Randomised phase 2 - trametinib(MEK1/21)
versus weekly vinblastine

Phase 2 - Tovorafenib [DAY101] (Pan-RAF1)

Phase 1/2 - dabrafenib (BRAFiI), trametinib
(MEK1/2), hydroxychloroquine

Phase 3 - selumetinib versus

selumetinib + vinblastine (MEK 1/2i)

Phase 1/2 - ulixertinib (ERK 1/2i)

Phase 1/2 - MEK 162

Phase 1/2 - mirdametinib (MEK 1/21)
Phase 1 - trametinib (MEK 1/2i) and
everolimus
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Anti-BRAF

Pediatr Blood Cancer 200663154 1-543

REPORT
1 a Refractory Brainstem Ganglioglioma
nurafenib

=
=
Baseline

re Mazewskd, vo,' Rabert Craig Castedlino, wo,"
Barunashish Brahma, mo,* Lauren Fogelgren, m.*
facDonald, mo'

Vemu Toxicities included: Grade | hypocalcemia, hypertriglyceridemia,
hypoalbuminemia, and pruritus, and Grade Il maculopapular rash
on his face and chest. All of the side-effects resolved with drug

L discontinuation and recurred to the same degree with re-administration

r1ssion off
‘afenib

Pediatr Blood Cancer 2014:61:2099-2100

BRIEF REPORT
oma Treated Successfully With Vemurafenib

. . 3 . 1
‘eman, mp,” Daniel Guillaume, mp,® and Christopher Moertel, mp

PR '
x>
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In this issue

BRAF inhibitor therapy-associated melanocytic
lesions lack the BRAF V600OE mutation and show

increased levels of cyclin D1 expressmn“ R

during fewer days of targeted therapy. Paradoxical activation of the MAPK pathway in BRAF
mclanocytes may account for ~15% to 21% of paticnts developing a sccond new primary melanor
within a year of starting BRAFi therapy; thus, closc chinical surveillance is warranted.

@
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RESEARCH ARTICLE

Cutaneous reactions to targeted therapies in children with CNS
tumors: A cross-sectional study

HannahSong' ' | ConnieS.Zhong? | Mark W.Kieran® | SusanN.Chi® |
Karen D. Wright® | Jennifer T. Huang®
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Article

Dyslipidemia in Children Treated with a BRAF Inhibitor for
Low-Grade Gliomas: A New Side Effect?

Marco Crocco 340, Antonio Verrico ', Claudia Milanaccio ¥, Gianluca Piccolo ' 127, Patrizia De Marco ?,
Gabriele Gaggero 4, Valen(h\a Tarilli ¥ Sonh Di Profio *, Federica Malerba */ Mam Panciroli ?,
Paolo Giordano %, Maria Grazia C. alm Emilio Casalini *%, Natascia Di lorgi 22 and Maria Luisa Garré !

Retstvest 29 Ao 2022 | Mevisenk 13 Novorsber 3022 | Acceyted. 4 Deesiser 2022

DOk 303000 ke M2 Podiatne =

Bood & 3

RESEARCH ARTICLE

The incidence and characterization of weight gain associated
with MEK inhibitors in pediatric patients

CassandraRush' | AshleySabus’ = | Zanette Kanani Bradley' Maxwell Herbert' |
Molly Hemenway”
.
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Unpredictable toxicity (anti-RAF, anti-MEK)
] : - \
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Anti-BRAF Trials Ongoing

» At present, the optimal duration of therapy is unknown with response persisting in some
patients after drug discontinuation whilst others experience tumour regrowth or
progression

» The current pragmatic approach is to treat clinical benefit until loss of clinical benefit or
for a certain specific duration (typically approximately 2 years) and then stopping therapy

» Additional functional end-points e.g. visual acuity, quality-of-life, motor function and
neuro-psychological function are important so that these agents benefit children with
paediatric low-grade gliomas and should be included in initial designs and agreed upon
prospectively with regulators

» Long-term follow-up of patients receiving these inhibitors is crucial in view of their
prolonged administration and the involvement of the pathway in normal development

»  European Journal of Cancer 177 (2022) 120e142
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A new begl

First evaluation after 4 months
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Outcomes of BRAF VB0OE Pediatric Gliomas AN
Treated With Targeted BRAF Inhibition

Liana Nobwe, MD'; Michet Zapotocky, MD, PhD'*, Vijey Ramaswasry, MD, PAD"*%; Scolt Ryall, BSc'; Julie Borett, MD';
Dusinl Mdormte, MO*; Jula Badapuer Guil, ND, MO"; Losss Bamser, MD'; Ule Bardels, MO'; Abhuhek lavie, MBES®;
Miriam Borshomt, MD"; Dersed . Bous, MO, MD™; Adels Canete, MO, MD7; Marsll Clintagarpals, MD'; Scott L. Cows, DO, NPH',

l ORIGINAL ARTICLE I
|
|

O o, HD, P e Do, ' Pete O, MO, 1% kL. v, WO Do Ett, W07, Dabrafenib plus Trametinib in l’qdiatric
P M, D, PO Lt M, D e o, V. P S . . M, P Vol Y Glioma with BRAF V600 Mutations
Matvies Janis, MS, MD'™; G Kate, MD'™; Martin Kyncl, MO, PRO"; Lenka Keshowa, PO Normand Laperriens, MD'; ‘ L B N .

Valore Larcuche, MO™; A Lassaletts, MO™; Saah Laary, MO™; Fank Lin, MD'Y; Semantha Mascell, PhO™, Eric Bouffet, M.D. lord 3 Hansford M.B.,. B Varlae Luise Gures 1
Taca McKnown, MM, NP'; THI Midde, MO, Ascios Moraies La Madeid, MDY, Giowanni Mossss, MD, PRD™, Nelera Mana, ND, 180", | Mra M [' D Ashley Fant.Fox. M Isabelle Aerte M D
Nasroes Moubdeg, MBES™; Diana S Oseria, MO, MPH'"; Roger Packer, MO™; Zdosek Pavelia, MO Edusrdo Guiroga-Castera, MD'"; : - £ ' v Y :
Jarses. Rufa, MD, PRO*, Magnus Sabel, MD, PRD™; Duare Salgado, MD™, Palma Solwos, MDY, larestar Sheria, PAD'; ranco Locatel J ' Jaspl 4 t :
Iack Su, M5, MD™; Dawid Semerawer, MD, PRD*, Michael 0, Taglor, ND, PRO 5303535, jiann Tolndane, MO, udmila Pspusha, M.D h D Felix Sahm. M Ph.D
Derek S, Taang, MSc, MOD'; Marians Valerrle Famendes, ND™; Frask van Landeghern, MD'"; Conelin M. van Tilag, MD™; \ N

v Witvan, MO, Ol Witt, MO, Josef Zassecrnk, MO, PHO*; Eric Boutlet, MD?; Cynithia Huwhine, MO, FRO*5 and Un Taberi, MD**

High response rstes (o largeted inhibibion (parhal or complete response, 53%; mnor response, 27%) werne otserved, with FFS
at 3 yuars of 49.6% for BRAF VEOOE mutsded pedisinic lowgrade gliomas: The wes associsbed with favorable short-term A Bt Changs $es Buretivn in Target Lo
autcomes. Future prospective clinical trials are requared 1o address long4orm managernent sirategies and oulcomes in Tk Pmpl -~ ) Gty R Poticl oy el » e,
these pabients Dabastund - Tinstndd %71 / Csescthanngy (W -2
f I
ICO Precis Oncol 4:561-571. © 2020 by American Society of Clinical Oncology E ‘ , v T I e
(1011 DL T
» Objective response was observed in 80% of patients with low- w1 I s N
grade gliomas, with progression-free survival (PFS) superior to ' Teiort it e et e
that seen with chemotherapy
» These responses occurred rapidly (4 months) and were et -";‘:2
sustained if receiving . AOPNIES o
treatment ; : B
|
» Upon stopping, rapid progression occurred. f .
» Patients who were re-challenged with BRAF V600E inhibition > ’ y
responded again with tumor reduction back to their baseline e
» In contrast, BRAF V60OE high-grade gliomas experienced . :
progression, even when initial tumor shrinkage was observed, e
and patient outcomes were poor sy v e v s o,
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nature medicine a

Ojemda” approved in the European Union
the first targeted therapy in relapsed or
refractory pediatric low-grade glioma = i B
regardliss of BRAF alteration Thetype IIRAF inhibitor tovorafenibin
B relapsed/refractory pediatriclow-grade

S —— L 0T\ 1 phase2 FIREFLY-1trial

diseases Ojemca® (tovorafenit) represents a rare achievement that reinforces the urg
cioss the nnovation anc mvestment gaps in pediatnc therapeutics

Article https://doi.org/10.1038/541591-023-02668-y

- Approval is based on pivotal Phase § FREFLY-I data demonstrating meaningful and du
responses

Recelved: 15 September 2023

PARIS. FRANCE, 22 Apnil 2026 — Ipsen (Euronext PN ADR: PSEY) today announced that tf Accepted: 25 October 2023
egno delio g0 m

i '".""""“.".""' gl

I Prior BRAFi/MEKi
M BRAFi/MEKi-naive
ooan * BRAF mutation

paper
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From the beginning of the story to the take home message

DISCOVERIES DOUBTS

»  First observations on patients with cancer »  DURABILITY OF RESPONSE
prediSpOSition Syndrome (Ie mTOR inhibitors » LONG-TERM TOXICITIES (growth delays, bone
for giant-cell subependymoma)(2002) health..)

» To identification of recurrent RAS/MAPK » FUNCTIONAL OUTCOME i.e vision,
alterations in low-grade glioma (2008) school/work performance, endocrine

»  Thereafter BRAF and FGFR discovery in the »  Re-challenge if progression after treatment
same tumors (2013-2015) suspension

»  Rare alterations including NTRK fusions, ALK —  See also Neuro-Oncology Advances Bennet J, Bouffet
rearrangements, recurrent histone mutantions E, 2026
in HGG. Hypermutation in MMRD (2016-2019) From blunt tools to bullseyes: The impact of targeted

therapy in pediatric neuro-oncology.
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Molecular Mechanisms of Cancer pathway

In order to reach this prediction for
precision medicine, we as physicians

need to use the science that is
available,

encourage and participate in basic
and clinical research,

and ask ourselves whether the
therapies that we are using are
effective or ineffective and in need
of a new treatment paradigm




A treatment like a perfect tailor-made dress
sewed by expert hands of an artist

| Milano, 22 e 23 maggio 2026

Precision medicine needs to
simultaneously increase and decrease the
expectations of patients and physicians.
We cannot promise what we cannot
deliver now.

We need to simultaneously curb the
enthusiasm about what precision
medicine can produce at this time, while
increasing the enthusiasm over what
precision medicine will eventually deliver
in the future.

Although these goals are aspired to, there
is an emerging trend for fit for filing (FFF)
trials to move new and novel commercial
products to market faster by incorporating
all needed evidence for administrative
approval from government agencies
around the world
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Grazie per ['attenzione!
maura.massimino@istitutotumori.mi.it
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nature medicine

Article https://doi.org/10.1038/s41591-026-04354-1

Targeted therapies plusradiotherapy
for diffuse intrinsic pontineglioma: the
randomized phase 2 BIOMEDE trial

«eterogenesi dei fini»: un trial nato per identificare
una terapia target e migliorare la prognosi, fallisce.
The trial was ended for futility of the primary ) ) | d ) d

endpoint following the recommendations of the Tuttavia va su un giornale con IF 50 descrivendo un

independent data monitoring committee: OS fattore prognostico (noto?!):
from biopsy was not different from the control

cohort (median 0S=10.8 months (95% . . .
confdence interval (Cl): 9.5-13.0)) in any of the TP53 mutations, frequently linked to multiple

three arms (median OS =9.7 months (95% Cl: structural chromosomal aberrations, were the
7.8-14.6) for erlotinib; 9.9 months (95% Cl: strongest predictor for poor survival in multivariate

8.8-11.2) for dasatinib; and 11.9 months (95% analysis (hazard ratio = 2.8 (95% Cl: 1.9_4.2)
Cl: 10.7-14.2) for everolimus). !
P <0.0001)




