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Objectives

1. Understand risk factors for neurocognitive late effects in children
with CNS tumors

2. Review changes in treatment paradigms to reduce neurocognitive
late effects

3. Discuss strategies to improve neurocognition following treatment
for CNS tumors



Background

e Central nervous system (CNS)

tumors are the 2" most common

cancer in children Tumors f e pta

Craniopharyngioma
4.0 %
Neuronal and mixed neuronal-glial tumors
4.4%

Tumors of the pineal region
0.4 %

Pilocytic astrocytoma
33.2 %

[ Other low grade glioma
271 %

High grade glioma
21.0%

I Ependymal tumors
10.4 %

Tumors of cranial and spinal nerves

* Most common cause of cancer-

Other/unclassified tumors

related death in pediatrics.

Gliomas
52.9 %

I Other glioma

Embryonal tumors Ty =0 _— - - == 8.3 %

15.0 %

* 10-year survival rates ~70%

Medullob lastoma  Atypical Primative Other

619 % teratoid/rhabdoid neuroectodermal embryonal
tumor tumor tumors
15.0 % 14.9 % 8.1%

Ostrom et al. Neuro Oncol 2015



There is significant morbidity for survivors of
CNS tumors
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Multimodal treatment required with risk for
neurocognitive deficits

— 12 years

11 years
— 10 years

9years
901 =3B zears
— ] years
88 = Eyears
— 5 years

Modeled |Q Scores

0 12 24 36 48 60
Time Since CRT (months)

Modelled intelligence quotient (IQ) scores after CNS therapy by age
e (www.cancer.gov)

Mehrabian et al, Technol Cancer Res Treat, 2022



Focal RT vs. moderate CSl dose .
Focal RT vs. high CS| dose . 034
Postoperative hydrocephalus (shunt) 067 0.4 074
Preoperative hydrocephalus
Postoperative cerebellar mutism syndrome  -047
Sex 0.48 0.61 051

Age at diagnosis 0.05 -0.04 -0.08 0.1

Time since diagnosis . 006 042 .

el &P L CDQ
S . Q ¢
& o # TS S
@ &
' negative, strong negative, weak positive, medium
interpretation of effect

* negative, medium positive, weak

Mynarek et al. Neuro Oncol 2024



Complex risk factors for neurocognitive deficits

Biological Factors

Histology Neurosurgery Cranial radiotherapy: Neuropsychological surveillance
Tumor location Chemotherapy CSl or focal Academic services or accommodations
Tumor size Perioperative Dosimetry Psychosocial interventions

Staging complications Photon or proton Medication

Molecular profile Age at treatment Occupational/physical/speech therapy
Host genetics Precision medicine Transition planning

Treatment Factors Clinical Care
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Treatment Risk
Factors



Starting with.... Medulloblastoma

Treatment Paradigm:

r‘i?_. .

Surgery Radiation Chemotherapy
(Brain and

Spine)




CONSENSUS

Cho (2010)
Northcott (2010)

Kool (2008)
Thompson (2006)

DEMOGRAPHICS
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CLINICAL FEATURES
Histology

Metastasis

Prognosis

GENETICS

GENE EXPRESSION
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Molecular Subgroups of Medulloblastoma
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WNT SHH Group 4
C6 C3 C1/C5 C2/C4
WNT SHH Group C Group D
A B E C/D
B C!D E, A A, C
~N/ N/
iR | et fd e 6§ RN |

dd:QQ

classic, rarely LCA

rarely M+

very good

Hﬁ_

CTWNNET mutation

WHNT signaling

MYC +

_/

dd: Q0

desmoplastic/nodular,
classic, LCA

uncommonly M+

infants good, others
intermediate
9q-

10q-

FTCH1/AMO/SUFL mutation
GLI2 amplification
MVYCN amplification

SHH signaling

dO":Q

classic, LCA

very frequently M+

poor

’ ii1i
14
17g+
18q+

i17g
MYC amplification

11p-
B-

aq-

10qg-

16qg-

Photoreceptor/GABAergic

MYCN +

\. /

MYC +4+

\.

CTCT:Q

classic, LCA

frequently M+

intermediate

18g+

il7q
CDK& amplification
MYCN ampilification

11p-

7+ - 8-

Meuronal/Glutamergic

minimal MYC/MYCN




~50% of MB Survivors on Long-Term Disability

1.0 1 Gray's test P < .0001 Controls
@D 0.9 -
-y Cases
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Time Since Index (years)

MNo. at risk:
Controls 1,150 877 635 441 245 87 =5
Cases 230 117 68 42 20 8 <5

Coltin et al. J Clin Oncol 2023



“Infants” are especially vulnerable — cure at
what cost?

Success “Catastrophic success”
* Cure

e Cure * Poor/no reintegration

* Reintegration * Neurological deficits

* Neurological integrity * Endocrine deficit

* Few/no long-term side effects * Obesity

* Intellectual deficit
* Etc...

Slide courtesy Dr. Eric Bouffet



1980s: Several studies show significant
neurocognitive impainment in children treated with
standard doses of craniospinal imadiation,
specificalty young children. Approaches to reduce
craniospinal imadiation using adjuvant
chematherapy are initiated. However, the SIOP 2
trial concluded that dose reduction was not safe

1997: First evidence thar deletion of the Parchedl

gene is responsible for medulloblastoma formation
in mice. This represents the first ransgenic mode|
of medulloblastoma. @

1999: Resuls of CCGI892, a pilot study that shows
an excellent five-year survival rate in children with

Progress Against Medulloblastoma
...a timeline through the decades

Content r(::-searched by and o pplied t.o Bra!{‘l T“”*F’L_” rnf':lgazlne by Dr Vijay Ramaswamy 1990: Inroducrion of the MRI sean of the spine in average risk megulioblastoma treated with reduced
and Dr Eric Bouffet, The Hospital for Sick Children (SickKids), Toronto, Canada; g the staging of medulloblastoma (up to that u'm}e. | dose radiation and chematherapy combining
- e . . s . . ! spinal staging was performed with myelogram). cisplatin/CCNU vincristine.
original timeline design by Edwina Kelly (edwina@edwinakellydesign.couk) s ,. This dramatically improved the ability to detect 8
‘ W — ,* | metastases and allowed more mbust identification =
_‘ S o of high risk patients with metastatic dissemination. .+ 2002: First whole genomic analysis of embryonal
- K ir - o % wmours published by Fomeroy et al in Nawne
Y e s g : 1993: & Pdiatic Oncology Group (POG) sy e ot s ot g
':h'ld'_e" I'" ever\r one million. ) 1920s: Harvey Cushing described o ',' Fualua'[irlg (’hEI'I‘ILI[hIEldpy E)nly appmach‘es for b r. in panticular atypical/teratoid mabdoid mwmours and
This timeline illstrates the most impotant medulloblastoma and performed the inital K - infants (Baby-POG) is published suggesting thata .- CNS-PNET. This study also showed that classic
breakthroughs and advances in the knowledge surgeries, It was realized very quickly that . a7 small proportion of infants could be cured without histology medulloblastoma has distinet profiles from
and management of medulloblastoma, one of after surgery, the Tumour retums in all cases, ’,’ o radiation therapy. desmoplastic histology.
the most comman malignant brain umowrs /! K o e ‘,,'
it £ : . < ; . ] - 2 2005 Nudear beta-catenin idenified
With recent advances in molecular and o ; C,,- = e & el b
genomic technologies, the landscape of i % in madulloblastoma, and s later shown
medulloblastoma is changing. N .‘ o " 1o be a defining feature of the Wingless
wnfan Expecthemment 1920s: First amempr ar x-ray therapy {roentgen 1\ 1969: Staging system propased by CH. Chang. S et oL AL b
of this disease to see further therapy) by Percival Bailey and Harvey Cushing. | *  This staging system was developed in the pre(T 2005 A o " |
important changes in the They found that 2 subset of patients a1 autopsy scan era and is based on size and invasiveness of i .h' study ) E;:“a?y m:;h .
next decades. in fact had no evidence of medulloblastoma, the umour ar surgery (T stage) and evidence of i L pg;l?cr(:'lp;l“rm '1‘?:5 stully 2006: Genomic analysis of
The IBTA gratefully rather rdiation necrosis. Led other groups to spread outside the posterior fossa (M stagel. m:,“eg wiah m;;ﬁ;:; GM:J cressi | medulloblastoma reveals the existence
acknowledges Dr Vijay explare radiation therapy as a treatment . | of multiple molecular subgroups of
Ramaswamy and D Eric after surgery. : = " ; & medullablastoma. This is the first stdy
- 1970s: First International Society of Paediatric o suepest the existence of several
Rauffet (both at SickKids & Oncology (SIOP) and Children’s Cancer Study Group dlsun:c'rd molecular varants
Hospital in Torento, Canadal 1950s: First comprehensive study of \CCG) randomised mials with similar design (radiation of medulloblastoma.
for their advice about the craniospinal iradiation for medulloblastoma +/- chemotherapy) that suggest a benefit for
contents and to Edwina Kelly leading o three-year sunival of over 50%, This | | chemotherapy in a subset of patients. e
BTA's graphic designer! for showed for the first time that a combination of : , 5
Ehe iIIuEtra?'rue fepliem}arion surgery and craniospinal imadiation could lead o 2a Group (CCG996L) and St. Jude’s (SIMB9E) of reduced dose
B cure and that medulloblastoma was not o @ craniospinal imadiation fallamd by cisplarin-based a_d| uvant
. 8 necessarily a fatal disease. - chemartherapy for average risk medulloblastoma patients
showed five-year sunvivals of over 0%,

2009: Single case report of an adult reated with the smoothened
inhibitor GDC-0449 reveals a dramatic but ransient response, leading

2011-12: Muliple genomic and next-generation sequencing studies
reveal that medulloblastoma is a heterogeneous wmour comprising

at least four distinct molecular variants (WNT, SHH, Group 3, @ -=----""""_ S e e P D e T
Group 4. This provides an impetus for future research aiming at
better outcomes with less toxicity to the developing brain.
‘ 2012: A cross-species genomic study reveals that in
_____ disseminared medulloblastoma, the metastatic . .' . .

L compartment is distnct from the primary twmour in both

2012: Results of the SIOP-PNET4 randomised study that
human and mouse medulloblastoma.

assessed the role of hyperfractionated craniospinal
radiation (HFRT). In this rial, HFRT was not superior 10 (@ = - ==
standard radiation, which therefore remains standard |

2013: A study of recurrent medulloblastoma reveals that subgroup
affiliation is stable at recumence, and that Group 3 and 4

of care in medulloblastoma.

------------ medulloblastoma frequently recur in the metastatic companment. This INTERNATIONAL
suggests that progress in improving cutcomes for these wo subgroups
st focus on treatment of the metastatic companment., BR}:\IE&UNPE:%UR
2014: Several multicenter studies in Nomth America and Europe are Inkrarnation eovtzinest i 16 Meduliobeanma Fimelie shoukd in na wey be Lien a2
iniiated evaluating de-escalation therapy for WNT medulloblastoma e e o wiedlo core, e o panfesiond el ol iedion e st aclaee, 5

G i ) A ot should Ak be consuited See g Hip s el o o adeiioal detois of o
@ due to the excellent prognasis in this subgroup offering the possibiliy dhsslibve, T I crriot ks el e hes contenn anelie ceuiacy of ik ek

that this subset of patients can be cured with less neurocognitive and 21 00 Intemaiional Biain Turmour Aliance BT, This ruefine shoukd not be reprducsd
neuroendacring sequelas. wethsidl prrission of the BT Frepiiies oheiifibedli o




“Infants” are especially vulnerable

Neurodevelopmental Outcome

120
Neurodevelopmental assessments are reported only for
children who survived = 24 months from diagnosis (n = 19)
a0 so that meaningful conclusions can be drawn about survi-

vors. All 19 subjects had = two evaluations; a total of 65 test

observations formed the basis for the neurodevelopmental

analysis. Children lost significant cognitive function, as

5071 measured by IQ scores, during and after therapy (P =
\ {0028). The median baseline IQ value was 88 (range, 50 to

111}, compared with 62 (range, 44 to 86) at our most recent
307 | | follow-up Eufgluarinp, a median of 4.8 years {;mgei }'_.t::n 10.6
vears) after diagnosis. The rate of decline durmg this mnterval

v 4 8 (Fig 4) was 3.9 IQ) points per vear (93% confidence interval.
time from diagnesis in years 1.12t0 5.60; P = 0028). Cognmitive losses do not vet seem to

have reached a plateau. At the most recent evaluation, all
children were receiving special educational services.

=

Median age at radiation:
MO patients: 2.9 years (1.3-5.3)
M+ patients: 3.3 years (2.1-5.1)

Walter et al. J Clin Oncol 1999



Progress Against Medulloblastoma

...a timeline through the decades

Content researched by and supplied to Brain Tumour magazine by Dr Vijay Ramaswamy
and Dr Eric Bouffet, The Hospital for Sick Children (SickKids), Toronto, Canada; g
original imeline design by Edwina Kelly (edwina@ edwinakellydesign.co.uk)

LACH year medullablastoma affects five
children in every one million.

This timeline illstrates the most imponant
breakthroughs and advances in the knowledge
anid management of medulloblastoma, one of
the most comman malignant brin umours
in children.

medulloblastoma is changing. i .

s A g 1920s: First amempr ar -fay therapy (roentgen

pfthls disease o s&_*e further therapyl by Percival Bailey and Harvey Cushing.
imporiant changes in the They found that a subset of patients a1 auopsy
next decades. in fact had no evidence of medulloblastoma,
The IBTA gratefully rather Rdiation necrosis. Led other groups 10
acknowledges Dr Vijay explore radiation therapy as a treatment
after surgery.

Ramaswamy and D Enc

Rouffet (both at Sickdids

Hospital in Toronto, Canadal 1950s: First coﬁptehensi\re sty of

for their advice about the craniospinal inadiation for medulloblastoma
contents and to Edwina Kelly Ieading 1o three-year sunvival of over 50%, This
(IBTA's mraphic designer for showed for the first time that a combination of

surgery and craniospinal imadiation could lead w
cure and that medulloblastoma was not
necessarily a fatal disease.

the illustrative representation
of this timeline. »

2011-12: Muliple genomic and next-generation sequencing studies
reveal that medulloblastoma is a heterogeneous wmour comprising

Group 4. This provides an impetus for future research aiming at
better outcomes with less toxicity to the developing brain.

2012: Results of the SIOP-PNET4 randomised study that
assessed the role of hyperfractionated craniospinal
radiation (HFRT). In this rial, HFRT was not superior 10 (@ = - ==
standard radiation, which therefore remains standard

of care in medulloblastoma. |

1
\

With recent advances in molecular and ;- ‘r' (}.
genomic technologies, the landscape of 34l |
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1920s: Havey Cushing described
medullioblastoma and performed the initial
surgeries, It was realized very quickly that

”
v
»

1969: Staging system proposed by CH. Chang.
This staging system was developed in the pre-CT
scan era and is based on size and invasiveness of
the tumour ar surgery (T stage) and evidence of
spread outside the posterior fossa IM stagel.

1970s: First International Society of Paediatric
Oncology (SIOP) and Children’s Cancer Study Group
{CCG) randomised mials with similar design (radiation
+/- chemaotherapy) that suggest a benefit for
chemotherapy in a subset of patients.

at least four distinct molecular variants (WNT, SHH, Group 3, . """""""

after surgeny, the TUmour reums in all cases. -~

1980s: Several studies show significant
neurocognitive impainment in children treated with

standard

. specificalty young children. Approaches to reduce

"| craniospinal imadiation using adjuvant
chemotherapy are initiated. However, the SI0P 2
trial concluded that dose reduction was not safe

doses of craniospinal iradiation,

1997: First evidence thar deletion of the Parchedl

gene is responsible for medulloblastoma formation
in mice. This represents the first ransgenic made
of medulloblastoma.
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1990: Introducton of the MRI scan of the spine in
the staging of medulloblastoma {up to that time,
spinal staging was performed with myelogram).
This dramatically improved the ability to detect
metastases and allowed more robust identification
of high risk patients with metastatic dissemination.

1993: A Pediamic Oncology Group (POG) study & embryonal tumours of the central nervous systom,
evaluating chemotherapy only approaches for -7V in particular atypical/teratoid rhabdoid tumours and
infams (Baby-POG) is published suggesting that a

’ small proportion of infants could be cured without histology medulloblastoma has distinet profiles from

i radiation therapy.

that a high

2005: A study from Gemany revaals |

desmoplastic histology can be successiully
treated with chemotherapy anly.

proponion of infarts with @

1999: Resuls of CCGI892, a pilot study that shows
an excellent five-year survival rate in children with
average risk medulloblastoma treated with reduced

4 dose radiation and chematherapy combining
cisplatin/CCNU vincristine,

#:

<7 2002: First whole 2enomic analysis of embryonal
- wmours published by Fomeroy et al in Nawne
showing that medulloblastoma is distinet from other

CNS-PHET. This study also showed that classic

desmoplastic histology.

2005: Nuclear beta-catenin identified
a5 a marker of excellent prognosis

L in medulloblastoma, and is later shown
---------- 0 be a defining feaure of the Wingless
{WNT) subgroup of medulloblastoma.

2006: Genomic analysis of
| medulloblastoma reveals the existence
| of multiple molecular subgroups of
@ medulloblastoma. This is the first study
to suggest the existence of several
distinct molecular vanants
of medulloblastoma.

2006: Multicentre studies initiated by the Children’s Cancer
Group (CCGI961) and St. Jude's (SIMB96) of reduced dose

"~ @ craniospinal imadiation followed by cisplatin-based adjuvant
chemartherapy for average risk medulloblastoma patients
showed five-year sunvivals of over 80%.

2009: Single case report of an adult reated with the smoothened
inhibitor GDC-0449 reveals a dramatic but ransient response, leading
1o several clinical trials of smoothened inhibition..

‘ 2012: A cross-species genomic study reveals that in

e disseminared medulloblastoma, the metastatic . . . .
. compartment is distnct from the primary twmour in both

human and mouse medulloblastoma.

2013: A study of recurrent medulloblastoma reveals that subgroup
affiliation is stable at recumence, and that Group 3 and 4

------------ medulloblastoma frequently recur in the metastatic companment. This INTERNATIONAL
suggests that progress in improving cutcomes for these wo subgroups
st focus on treatment of the metastatic companment., BR}}\IE&UNPE:%UR
2014: Several multicenter studies in Nomth America and Europe are Infrarnatices contained i g1k Bedulioblastoma Timedie shoukd in no weay be iken asa

ininated evaluating de-escalation therapy for WNT medulloblastoma

. due to the excellent prognasis in this subgroup offering the possibility
that this subset of patients can be cured with less neurocognitive and 21 00 Intemaiional Biain Turmour Aliance BT, This ruefine shoukd not be reprducsd
neuroendacring sequelas.
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Radiation avoidance in young children with MB

associated

with improved neurocognitive outcome

Table 1. Chemotherapy Regimen.*

Week 1
Methotrexate (2 mg/day, intraventricular),
day 1-4

Cyclophosphamide (800 mg/m?2 of body-
surface area/day, intravenous), day 1-3

Vincristine (1.5 mg/m2, intravenous),

Week 3

Methotrexate (2 mg/day,
intraventricular), day 1-2

Methotrexate (5 g/m2,
intravenous), 24 hr

Vincristine (1.5 mg/m2,

Week 5

Methotrexate (2 mg/day,

intraventricular), day 1-2

Methotrexate (5 g/m?2,
intravenous), 24 hr

Vincristine (1.5 mg/m?2,

Week 7

Methotrexate (2 mg/day,
intraventricular), day 1-4

Carboplatin (200 mg/m?2,

intravenous),

Etoposide (150 mg/m?2,

day 1-3

Probability of Progression-free Survival

0.6

0.4+

0.2

0.0

dayl intravenous), day 1 intravenous), day 1 intravenous), day 1-3
807 0 cpM | VM [] K-ABC 145
Desmoplastic, 0.85+0.08 - L
plasti 70 P<0.001 130
F<0.001
e =115
o P=0.004 — -
g S
b 504 =100 4
- 4
40 -85
Classic, 0.34+0.10 —
304 =70
20- 33
I I J Radiotherapy after ~ Radiotherapy Systemic and Systemic Control group
7 8 9 . . , :
systemic and and systemic intraventricular chemotherapy
intraventricular chemotherapy chemotherapy
chemotherapy
Treatment Group

Rutkowski et al. N Engl J Med 2005



Intraventricular methotrexate can be avoided for
small subset of SHH MB

1.0 4
£ 0.8 -
=
D 06
2
o 0.4 4
"‘c;:"" - -
w 0.2 4 —— MBEN
(=
— ND
0 1 2 3 4
Time Since Diagnosis (years)
No. at risk:
MBEN 7 7 7 3 0

ND 1B 7 5 1 0

Lafay-Cousin et al. J Clin Oncol 2020



Radiation-sparing approach associated with cure
for SHH and normal 1Q scores

1.00 = 144
g TE—
oy
0.75 4
§ + o+ + + 120
g 0.50 4
w
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0.25 4
- 100
rowp 3
— Group 4 ¥ S 51 3
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- 9 upfront (6 focal, 3 Csl) *
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Lafay-Cousin et al. Pediatr Blood C

ancer 2016



Infantile MB Summary

* Cure is possible with radiation-sparing approach, largely for SHH-MB

* Radiation avoidance associated with improved neurocognitive
outcomes

* Definition of “infants” shifted over time - <5 y/o in Toronto

What about older kids?



Progress Against Medulloblastoma

...a timeline through the decades

Content researched by and supplied to Brain Tumour magazine by Dr Vijay Ramaswamy
and Dr Eric Bouffet, The Hospital for Sick Children (SickKids), Toronto, Canada;

original imeline design by Edwina Kelly (edwina@ edwinakellydesign.co.uk)

LACH year medullablastoma affects five
children in every one million.

This timeline illstrates the most imponant
breakthroughs and advances in the knowledge
anid management of medulloblastoma, one of
the most comman malignant brin umours
in children.

medulloblastoma is changing.

- @

s A g 1920s: First amempr ar -fay therapy (roentgen

pfthls disease o s&_*e further therapyl by Percival Bailey and Harvey Cushing.
imporiant changes in the They found that a subset of patients a1 auopsy
next decades. in fact had no evidence of medulloblastoma,
The IBTA gratefully rather Rdiation necrosis. Led other groups 10
acknowledges Dr Vijay explore radiation therapy as a treatment

Ramaswamy and D Enc i SHEen,

Rouffet (both at Sickdids

&
1950s: First comprehensive study of
craniospinal iradiation for medulloblastoma
Ieading 1o three-year sunvival of over 50%, This
showed for the first time that a combination of
surgery and craniospinal imadiation could lead w
cure and that medulloblastoma was not
necessarily a fatal disease.

Hospital in Toronto, Canadal
for their advice about the
contents and to Edwina Kelly
(IBTA's raphic designer) for
the illustrative representation
of this timeline. m

2011-12: Muliple genomic and next-generation sequencing studies
reveal that medulloblastoma is a heterogeneous wmour comprising
at least four distinct molecular variants (WNT, SHH, Group 3,

Group 4. This provides an impetus for future research aiming at
better outcomes with less toxicity to the developing brain.

2012: Results of the SIOP-PNET4 randomised study that
assessed the role of hyperfractionated craniospinal
radiation (HFRT). In this rial, HFRT was not superior 10 (@ = - ==
standard radiation, which therefore remains standard

of care in medulloblastoma. |

1
\

With recent advances in molecular and ;- ‘r' (}.
genomic technologies, the landscape of 34l |

o ——

a '
~ ¢

1920s: Havey Cushing described
medullioblastoma and performed the initial
surgeries, It was realized very quickly that
afler surgery, the Tumour renams in all cases,

”
v
»

1969: Staging system proposed by CH. Chang.
This staging system was developed in the pre-CT
scan era and is based on size and invasiveness of
the tumour ar surgery (T stage) and evidence of
spread outside the posterior fossa IM stagel.

1980s: Several studies show significant
neurocognitive impainment in children treated with
standard doses of craniospinal imadiation,
. specificalty young children. Approaches to reduce
/| craniospinal imadiation using adjuvant
chemotherapy are initiated. However, the SI0P 2
trial concluded that dose reduction was not safe

1997: First evidence thar deletion of the Parchedl

gene is responsible for medulloblastoma formation
in mice. This represents the first ransgenic made
of medulloblastoma. @

1999: Resuls of CCGI892, a pilot study that shows
an excellent five-year survival rate in children with

1990: Introduscrion of the MRI scan of the spine in
the staging of medulloblastoma {up to that time,

. spinal staging was performed with myelogram).

This dramatically improved the ability to detect

average risk medulloblastoma treated with reduced

4 dose radiation and chemotherapy combining

cisplatin/CCNU vincristine,

#:

1970s: First International Society of Paediatric
Oncology (SIOP) and Children’s Cancer Study Group
{CCG) randomised mials with similar design (radiation
+/- chemaotherapy) that suggest a benefit for
chemotherapy in a subset of patients.

! metastases and allowed more robust identification

Y of high risk patients with metastatic dissemination, .= 2002: First whole genomic analysis of embryonal
P ST wmours published by Pomeroy et al in Nawne

o = 1 showing that medulloblastoma is distinet fram other

. 1993: A Pediatric Oncology Group (POG) study & embryonal tumours of the central nervous systom,
< evaluating chemotherapy only approaches for ="\ in particular atypical/teratoid thabdoid wmours and

- infants (Baby-POG) is published suggesting thata .- CNS-PNET. This study also showed that classic
a7 smf'ill proportion of infants could be cured without histology medulloblastoma has distinet profiles from
. radiation therapy. desmoplastic histology.

, ’
i .
. . e
o . -
o

2005: A swidy from Gemany reveals |
that a high proponion of infans with @
desmoplastic histology can be successiully
treated with chemotherapy anly.

2005: Nuclear beta-catenin identified
a5 a marker of excellent prognosis

in medulloblastoma, and is later shown
0 be a defining feaure of the Wingless
{WNT) subgroup of medulloblastoma.

2006: Multicentre studies initiated by the Children’s Cancer
Group (CCGI961) and St. Jude's (SIMB96) of reduced dose
craniospinal imadiaton followed by cisplanin-based adjuvant
chemartherapy for average risk medulloblastoma patients
showed five-year sunivals of over 80%.

2006: Genomic analysis of

| medulloblastoma reveals the existence
| of multiple molecular subgroups of

- @ medulloblastoma. This is the first study
to suggest the existence of several
distinct molecular vanants

of medulloblastoma.

2009: Single case report of an adult reated with the smoothened
inhibitor GDC-0449 reveals a dramatic but ransient response, leading

1o several clinical trials of smoothened inhibition..

‘ 2012: A cross-species genomic study reveals that in
e disseminared medulloblastoma, the metastatic

. compartment is distnct from the primary twmour in both
human and mouse medulloblastoma.

2013: A study of recurrent medulloblastoma reveals that subgroup
affiliation is stable at recumence, and that Group 3 and 4
medulloblastoma freguently recur in the metastatic companmment. This
suggests that progress in improving cutcomes for these wo subgroups
must focus on treatment of the metastatic comparment..

neuroendacring sequelas.

2014: Several multicenter studies in North America and Europe are
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Average Risk — 23.4 Gy CS|
High Risk — 36 Gy CS|

Can we reduce this further??



18 Gy CSI maintains outcomes for AR WNT MB
= Ongoing trials with 18 Gy (COG) and 15 Gy (S))

.::’"1'0 - = ———— e e e e | o
= 0.8 1
2
S 0.6 -
o
= 0.4 1
3 0.2 4 —— WNTLDCS
T - —- WNT SDCSI Log-rank P = .52
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Michalski et al. J Clin Oncol 2021



Does the type of radiation
matter?



Improved neurocognitive outcomes in MB treated

Global 1Q
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Benefit of protons on neurocognition replicated in
craniopharyngioma (focal RT)
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Intervention
following End of
Therapy



Reaction Time Change (ms)

12 week exercise program improved reaction time
in MB survivors
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Exercise may promote cognitive recovery in brain

Assesssing practice and
developmental effects

T
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Cox et al. Clin Neurophysiol 2020



Metformin safe and encouraging results in pilot

trial = phase 3 trial

130 patients
assessed
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Conclusions

* Neurocognitive deficits are a major issue in the care of CNS tumor
survivors

e Better understanding of tumor biology and use of newer treatment
modalities can deliver tailored therapy resulting in reduced risk to
neurocognition

* Novel therapies introduced after end of cancer treatment are
currently being studied to improve neurocognitive outcomes



? Questions?
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