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Agenda

1.) Introduction: Current risk stratification & molecular

classification of MB
2.) News from the ICGC project PedBrain Tumor
- LI-Fraumeni-associated MB
- Novel recurrent mutations and common themes
- Tetraploidy as an early event in tumorigenesis

3.) Outlook

www.pedbraintumor.org
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Childhood brain tumors (WHO)

Main histologic subtypes, WHO grade, and frequency of central nervous

system tumors in children
(Data from Kaatsch et al., 2001)

WHO grade frequency

Tumor entity (%)

Astrocytomas -1V 41,7
¢ Ependymomas I-111 10,4
S Gangliogliomas* I 3,2
o Oligodendrogliomas H-111 1,1
» | Embryonal tumors v 25,7
£ Craniopharyngeomas I 4.4
é Pineal tumors -1V 1,3
S Meningeomas -1 1,2
; Others (e.qg., lymphomas, germ cell n/a 11.0

tumors, m etastases)

*Gangliogliomas are mixed neuronal-glial tumors

Pfister-S and Witt-O Recent Results in Cancer Research, Springer 2008.




Current status of stratification (1)

Medulloblastoma

Strahlen- Erhaltungschemotherapie mit
OoP R therapie Cisplatin, CCNU und Vineristin :
8 Blocke im Abstand von je 6 Wochen
Vincristin
MRT MRT MRT MRT MRT MRT MRT
2.0P 2.0P
Patho.
Liquor
T - --- —-—-- Therapiedauer ca. 1 Jahr -- --- --- -
optional (wie bisher):
bei CR / =2/3 PR nach 1.SKK-Zyklus
HDCT
(CARBO/NVP/
THIOTEPA)
CPVCE CPVCE Hvper- .
Erhalt h ther
op- | » | MIXVCR |3| MIXVCR || fraktionierte |3 | = Lpioager
CARBO/VP CAREBO/VP Bestrahlung . T e
. . N
MTX Hreee MTX Freee und VCR Cisplatin, CCNU, VCR
MRET MRT MRET MRET AMRET MRET
MRT
Octreo  Patho. 2.0P

Liquor




Current status of stratification (2)

Desmoplastic classic (70-90%) Large cell
& extensive nodular (5-15%) & anaplastic (5-15%)

Histology

anaplastic (n=14) P=0.00000000006

0 24 48 72 96 120 144 168

overall survival (months)
n=255

=) Unsatisfactory!



Current molecular classification of MB

WNT SHH Group 3 Group 4
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Histology Classic; wery rare LCA Classic Nodular = LCA =>MBEN Classic = LCA Claszic; rarely LCA
Metastasis @ Dx ~5-10% ~15-20% ~40-45% ~25-40%
Patient Survival ~95% 05 ~75% 05 ~50%0 0% ~75% 05

Proposed Lovwver rhombic lip (ZGNPs of the BEGLand Prominin 1{+), lineagei-)
Cell of origin progenitor cells cochlear nudeus; neural neural stern cells; Unknowm
stemn cells of SVZ CGMPs of the BGL

Northcott et al. Nature Reviews Cancer 2012 dkfz.
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} New era of genomics —
but how do our patients beneflt’?




The ICGC Landscape
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Canada Britain
e Pancreatic cancer * Breast cancer
(ductal adenocarcinoma) ) (ER-, PR-, HER-) Germany
* Breast cancer (lobular) ‘ ® Paediatric brain tumours =
1 ¢ Breast cancer (ER+, HER-) ® Malignant Lymphoma /
- European Union sponsored ® Prostate Cancer
4 / — ~
-3 ) . '
J .‘> * Gastric cancer
jUnited States Spain A
- Through the Cancer Genome Atlas  Chronic ‘
/ * Ovarian cancer lymphocytic
s e Brain cancer leukaemia /

(glioblastoma multiforme) —_— -| | n d Ia ‘ -/
* Lung cancer e Oral cancer -

(squamous-cell carcinoma) France (gingivobuccal) / Ja pan
¢ Lung cancer  Breast cancer - e Liver cancer

(adenocarcinoma) (HER2 overexpressing) Ital (virus-associated)
» Acute myeloid leukaemia e Liver cancer ta y :
 Colon cancer (alcohol-associated) * Rare pancreatic cancers

(adenocarcinoma) ® Renal-cell carcinoma (enteropancreatic endocrine,
* Others - European Union sponsored pancreatic exocrine)

- L INE
/ Australia
i . e Pancreatic cancer
(ductal adenocarcinoma)

=4 « Ovarian cancer




The ICGC PedBrain consortium
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ICGC Pilot study: Li-Fraumeni Syndrome %

Chromosome 8

— cMyc
First sequenced LFS-MB




Further unexpected results...

Chromosome 15

LOg, rauo
(tumor vs control)

Chromosomal coordinates (Megabases)

Rausch and Jones et all, Cell 2012 dkfz.
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Chromos = chromosome + Thripsis = fall apart into pieces

Massive Genomic Rearrangement Acquired ' Homogeneously
in a Single Catastrophic Event : staining reglons
during Cancer Development

Philip J. Stephens,’ Chris D. Greenman,' Beiyuan Fu," Fengtang Yang,' Graham R. Bignell," Laura J. Mudie,!

Erin D. Pleasance,! King Wai Lau," David Beare,” Lucy A. Stebbings,' Stuart McLaren," Meng-Lay Lin,? David J. McBride,
lgnacio Varela,' Serena Nik-Zainal," Catherine Leroy,' Mingming Jia,' Andrew Menzies," Adam P. Butler,!

Jon W. Teague, Michael A. Quail," John Burton,! Harold Swerdlow,! Nigel P. Carter,? Laura A. Morsberger,®

Christine lacobuzio-Donahue,? George A. Follows,® Anthony R. Green,** Adrienne M. Flanagan,># Michael R. Stratton,”
P. Andrew Futreal,! and Peter J. Campbelll.2.4*
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Cell 144, 27-40, January 7, 2011
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1. Pattern: Co-amplification of oncogenes

Stephens et al. Cell 2012 dkfz.



2. Pattern: ,Shattering”

TK10 (renal cell): Chr 5
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Stephens et al. Cell 2012 dkfz.



Textbook: Multiple-Hit Model

Progressive rearrangements model

Garmline

BB C D E F G HINEE

[
4 Tandem duplication CDEF
BRE C D E F C D E F G 'HIS

i

4 |nvarsion EFGH
BE C D E F C DB 2 1 31 N

i
4 Deletion El
BeE c b E F CODB W2 10

{
4 Tandem duplication BC

BENE CEE C D E F C DD 1 Hm

Stephens et al. Cell 2012 dkfz.



Alternative model: single catastrophic event

Catastrophe model

BB C D E F G HINEES

i

Catastrophic chromosome breakage

4

Mon-homologous end-joining

Bl F C[E DM

- (host to call)
E.- .

Stephens et al. Cell 2012 dkfz.



Co-amplification of SHH oncogenes in MB

Log2 ratio

0 50 100 150

Two known MB
oncogenes are getting
co-amplified in one

Complex alterations:

©
mini-chromosome FJ el M
Gene annotation: 2 z § 943 == |n-tandem-type
== Known genes R Head-to-head-type
== Known oncogenes S == Tail-to-tail-type

Rausch and Jones et all, Cell 2012 dkfz.




LFS — more common than anticipated!
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Clinical relevance: Survelllance

100
80 —
g 60 —
©
2
2
=
A 40
20 —
—— Received surveillance
—— Did not receive surveillance
0 I I I I |
0 20 40 60 80 100
) Months
Number at risk
Received 10 8 5 3 1 0
surveillance
Did not receive 12 5 1 0
surveillance

Villani et al. Lancet Oncology 2011  dikfZ.




Sporadic MB: Mutation rate ~ age

All medulloblastomas Only SHH medulloblastomas
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Novel recurrent mutations in MB

WNT Subgroup
oo [

5HH Subgroup
o1+ [T e

1 T 11 1
acon | s
Group 3 Subgroup
____r,.,- """""""""""""""""""""""""

MY 1 | |:§_ i" I:hm____ mam ﬂ."-_

n=189

Chrs 155

R :
“i,  GeningSHCAP sk Dupbamd SHCAP dide
Mg, -

Ll
e BT ————
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Common topic: Chromatin modifiers

Heaterochromatin Euchromatin
Inactive Active

Heterochramatin  -€—— Remodellers —= Euchromatin

i3 - Methyl group
& - Acetyl moiety (REST | ZMYM3
#® - Phosphorylation \. CTCF y.

Northcott et al. Nature Reviews Cancer 2012 dkfz.



Tetraploidy highly enriched in groups 3 & 4

diploid cases

Genome Alteration Print

0.0

T T
0.2 0.4 0.6 0.8
Mutant allele frequency

tetraploid cases

125%

0.0

T T T T
0.2 0.4 0.6 0.8 1.0
Mutant allele frequency

...........

Jones and Jager et al. Nature 2012

MB37 (diploid)

MB15 (tetraploid)

dkfz.
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Genetic patterns in groups 3 & 4
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Outlook MB: SHH inhibitors in the clinic £

Medscapes www.medscape.com

d ~
Target genes | Target genes Target genes

Sourca: Mat Clin Pract Oncal © 2007 Mature Publishing Group

Polkinghorn et al. Nat Clin Pract. 2007



Primary and secondary resistance

GLI2 Amplification

Northcott et al., Acta Neuropathologica 2011 Buonamici et al., Sci Transl Med 2010 dkfz.



SMO inhibitors: Who is going to benefit?

Young children (< 8)

Older children (8 — 16)
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Conclusions

& 8?
{5

- MB is not a single disease — even within subgroups it is

very heterogeneous

- Germline predisposition (e.g., LFS) seems to play a much
more important role than previously anticipated. LFS is a

clinically actionable readout.

- Chromatin modifications and tetraploidy seem the most

promising novel avenues for therapeutic interference

- Response to SHH inhibitors in the clinic may be predicted

within the SHH subgroup
o dkfz.



Outlook: CEFALO germline study

Gene VAAST-Rank P-Value Score # Samples Subgroup

PMS2 2.61E-120 37.66

MYOD1 100 0.03 1.03 3 SHH
SMARCA4 117 0.04 1.62 1 SHH
TP53 240 0.12 10.36 3 SHH
SUFU 460 0.28 14.81 3 SHH
MLH1 599 0.38 0.26 1 SHH
CHEK2 729 0.55 1.52 1 SHH
BCORL1 0.58 2.42 2

PTCH1 8 All subgroups
APC 435 0.26 5.82 5 All subgroups
ATM 145 0.06 20.69 7 All subgroups

NBS1 (NBN) 9139 1 0 3 SHH/Grp3/Grp4

PALB2 591 0.38 7.50 8 SHH/Grp3/Grp4

CBP (CREBBP) 1448 1 0 5 SHH/Grp3/Grp4
RB1 13160 1 0 1 Grp 3

*Data was derived from ICGC PedBrain and Broad sequencing projects (n~220)



Molecular Diagnostics of Pediatric Malignancies
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DKTK: German Consortium for translational cancer research

Berlin Whole exome sequencing of rec-ALL
SSECWIBIEEEIRRIRES \Whole exome sequencing of retinoblastoma, AML and NHL

Frankfurt/Mainz Whole exome sequencing of soft tissue sarcoma
Freiburg Whole exome sequencing of MDS/JMML, Ewing Sarcoma

Heidelberg Whole exome sequencing of T-ALL, brain tumors, neuroblastoma
bioinformatic data analysis; data storage

Minchen Whole exome sequencing of osteosarcoma, hepatoblastoma
Tlbingen Whole exome sequencing of cALL

Principal investigators: Peter Lichter
Stefan Pfister




Pediatric Neurooncology

www.pediatric-neurooncology.com dkfz.
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