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WHO Classification CNS tumors

- Updated version 2016: more than 100 different entities
- Mostly (still) histologically defined entities
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Using DNA methylation for classification purposes

Development of a large, high-quality tumor reference set with good annotation
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Update will contain >170 distinct subtypes!
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2,801 samples

Capper, Jones, Sill, Hovestadt et al., Nature 2018




Molecular classification examples:

1,256 MB samples 740 Group 3 and Group 4 MB samples
22,349 most variable probes (SD > 0.25) 12,454 most variable probes (SD > 0.25)
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Methylation classifier website

- Classifier tool and information on molecular classes freely available at:
www.molecularneuropathology.org

dkfz.

GERMAN
CCANCER RESEARCH

Methylation profiling report N THE HELMHOLTZ A g berg University Hospital
Supplier information

Sample identifier: Sample 2 Automatic prediction

Sentrix 1D: 9444375150_R01C01 Array type: 450k

Material type: FFPE DNA Material type: FFPE DNA v
Gender: female Gender: female v

Supplier diagnosis: Medulloblastoma (WHO Legend: ¥ OK ' Supplier information or XWarning, missmatch of prediction
grade IV) pre not available and supplier information

Brain tumor methylation classifier results (v11b2)

Methylation classes (MCs with score >= 0.3) Calibrated score Interpretation
methylation class medulloblastoma, WNT 0.99 match v
Legend: v Match (score >=0.9) X No match (score < 0.9): possibly stil relevant for low tumor content and low ® Match to MC family member
DNA qualty cases. (score >= 0.5)
Welcome to MolecularNeuropathology.org the platform for next generation neuropathology. Involved parties:
niversity H t berq Class descriptions
This website is your access point to a molecular classifying algorithm for all types of tumors of the brain and its
coverings as well as of tumors of peripheral nerves.

I WNT: The class WNT" is comprised of tumors diagnosed as Medulloblastoma,
genetically defined, WNT-activated. Histologically most cases fall into the classic variant, sometimes into the large cell/anaplastic variant. Tumors are
located in the cerebellum, typically in the vermis. Median age is 12 years (range 6 to 27). Monosomy of chromosome 6 (>80%) together with mutation of
CTNNBL s (almost) pathognomonic fof this class.

To make use of the classifier you are required to generate and upload idat-files using Infinium Human Methyiation 450 surgery

BeadChip arrays of your cases of interest. This data is then automatically compared to 450K Data of our reference sef Radiation On and Therapy Copy number variation profile
comprising over 2000 typical neuropathological tumors of aimost all known entities. Within minutes you will receive an

E-Mail report that includes the molecular classification of your case (best match to the groups of our reference set), a

low resolution copy number plot calculated from your array data (useful e.g. for 1p19q analysis or the detection of all

sorts of amplifications and deletions) and MGMT promoter methyiation status

$444375150_ROI1COY

For the future we plan to establish 450K classification as a supplement to second opinion reference pathology with the
advantage that molecular classification is completely 1t from histological assessment

Classification using 450k arrays is a research tool under development, is not verified and has not
been clinically validated. Implementation of the results in a clinical setting is in the sole
responsibility of the treating physician.

Al ]/'eady >37000 externa l prgﬁ le S ana lyzed / st 0 e e ) o et o o g i

baseline. 29 brain tumor relevant gene regions are highlighted for easier assessment.
(see Hovestadt & Zapatka, htip://www.bioconductor.org/packages/develbioc/htmbconumee. himi)
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Many distinct molecular entities of brain tumors require
multiple distinct model systems for preclinical studies
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Patient Derived Orthotopic Xenograft (PDOX) models

Aim is to generate a large repertoire of PDOX models reflecting the many different
molecular subtypes of pediatric brain cancer, which can be shared in the pediatric
cancer community for preclinical studies

—> Generate PDOX Models

—> Characterize established models (and correlate them to patient subgroups)
—>Preclinical studies

> Understand mechanisms of therapy resistance

Collaborative Approach between different labs:

- Seattle (James Olson, Sarah Leary)

- San Diego (Robert Wechsler-Reya, Jessica Rusert))

« Houston (Xiao-Nan Li)

« Heidelberg (Till Milde)

- Paris (Olivier Ayrault) Sebastian Brabetz Norman Mack
- Vienna (Walter Berger, Johannes Gojo)
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Generation and characterization of PDOX models

Mouse to mouse

4509, ) transplantations
— = BT
S 23

Established PDOX model:P1 - PX

Orthotopic transplantation of tumor cells Tumor engraftment PO

Comparative analyses:
Histology
Paternity (identity) testing
Methylation profiling
Gene expression profiling
Whole exome sequencing
Low-coverage whole genome sequencing

Share with community
Preclinical Evaluation

Pediatric brain tumor
(Incidence: 5.47 per 100,000)

Brabetz et al., Nature Medicine 2018

Molecular Characterization (PDOX, primary tumor, blood):

450K Methylation Profiling: Tumor Classification, CNVs
Gene Expression Profiling: ~ pathways, drug targets Currently >130 PDOX models

Whole Exome Sequencing: ~ SNVs/indels fully analyzed
Low coverage WGS: SVs, CNVs

Division of Pediatric Neurooncology
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Molecular classification of 130 brain tumor PDOX
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Molecular classification of medulloblastoma PDOX (n = 62)

TSNE dimension reduction
(SD > 0.25, 23,991 probes)

MB WNT:
MB SHH:
MB GRP3:
MB GRP4:

Medulloblastoma subgroups PDOX models
B WNT /\ early PDOX passage
M SHH V late PDOX passage
Group 3 I matching human tumor
M Group 4 — Linking samples from the same PDOX line
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PDOX can model the heterogeneity of
Group 3 and Group 4 medulloblastoma

TSNE dimension reduction
(SD > 0.25, 14,759 probes)
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Bias for most aggressive tumors even
within tumor subgroups
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PDX data sheets
and PDX Explorer:
Making data available

Brabetz , Leary et al., Nature Medicine, 2018 www kitz-heidelberg.de



How to make the data accessible?

How information is usually shared: :
Figures in paper + supplementary material
Raw data: EGA + GEO . B X g
Disadvantages: R S1-S23
Data is split across multiple figures and excel sheets = _
i i E&;‘ffﬁ@"‘fﬁfﬁ’ﬁ:ﬁfﬁf"ﬁf“ﬁ'ﬂ“‘fﬁ‘@:f . \if“*ﬁ;ﬁf&w e

Raw data is not very useful to a broad audience s e
Our approach for a solution: P L.

PP z= § RERF EFIFERE FEH

PDX data sheets
PDX Explorer in R2 (r2.amc.nl)
Easy ordering of lines via www.btrl.org

Brabetz , Leary et al., Nature Medicine 2018 www.kitz-heidelberg.de
e



PDX Explorer (r2.amc.nl)
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PDX Explorer
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Fact sheet
Explorer MB
Download PDF —> “L med-211fh

Ararnative names:

1.patient

age: 2.2

gendarn mae

location: cersbetum

diagnosis: maIuloDastoms, s
pre-treatment: none

sourca: surgery

stage: md

Patient information S

<— Histology and IHC
gallery

Explore Histology

pathology_of_human_tumor: 182 salnad sactians show 3 hataroganaous small round blua call” naoplasm. In many araas tha calis hava dansa,
hyparchromatic, irragularly shapad nuclal with scant amounts of light plnk cytoplasm. thara I modarata mitotlc activity. focally, tha naoplasm Is growing In
shaats andg small nasts. much of tha tumar contalns 3 rich naurcpll Sackground and ganglion call dfarantiation Is ly Mdentifad occasionally dinuciaated gangion
cals ara notad. only vary BCal Fank nodule Rrmation Is 3p0arant. Imimunoparox St2Ining for Ini-1 shows LS NUCIESr SXDVRSSION. SOMa Areas o tha tumar
have marked naurona) Afarantiation with aasNy loantifed ganglion calis. nauropl! /s modarataly abundant.

2.model POX coton Qwon

Model information S ————

site_of_transplantation: carsdaium -
protocol: oison iad poax Protocol
days_to_pO_pl_p2: 544342
Pl james m. oizon 2 L
contact: ntTp:/www. btrl.org/product/mad-211y e
e v, '
- - 8
i g

»
Molecular data 3.molecular
entity: meduwiodiaztoma
subgroup: md gra3
curated_leslons: myc ampification, gils activation (structural
rE3TTANgAMANt + OVAraXDression)
rg19 GeneBrowser
o i oo oo st orrisen oo s oron aofm acifho e o o oiée wifo ok o dib 65 60 6 6 ocim o
SR 1 2 ) . B s ’ o > 1w N 1213 N 16 1 18 W 20 2 22 ¥

FECZUIHIT vt i Aot Wt mosweeni Wsptd Wenten Wiitws W W W Wl i Wy .

3 ‘ 5 6 7 s » 10 M 12 a3 W W 16 W 18 1020 2122

MED2TINGS2 —-m—.—-—-—-'—-q—-m-mn-«qw——w WO e A el B e

View karyo in GenomeBrowser

piot: med-211M_n2

In depth mO|ECUIar data > Explore More Molecular Data Www_kitz_heide|berg_de




PDX Explorer: histology and IHC gallery

PDOX: H&E

www.kitz-heidelberg.de




PDX Explorer: histology and IHC gallery

PDOX: IHC MYC

o0000OQCOCGCS
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Subgroup
Tissue

CTNNB1
PTCH1
GLI2
MYCN
TP53
MYC
GFI1B
KBTBD4
PRDM6
9q

17p

17q

WES and WGSIc
Methylation profiling
Expression profiling
Sanger sequencing®

Brabetz , Leary et al., Nature Medicine, 2018

Oncoplots: Mutational landscape of MB PDOX

Medulloblastoma
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PDOX models highly similar to their matching primary tumors
and stable across different passages
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7%
4%
8%
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PDX explorer overview
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PDX explorer overview
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PDX Explorer: Gene expression
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Summary

« 130 PDOX models representing 22 distinct molecular types of
pediatric brain tumors have been generated and characterized in a joint
effort by the pediatric neurooncology community

« Overrepresentation of most aggressive subtypes (MYC/N)

« PDX explorer: database for PDX models and associated molecular data
« All essential information is funneled into PDX facts sheets

« Easier access to PDX and molecular data for the scientific
community

Outlook

- Add more models (HD, Houston, San Diego, ITCC-P4, and others?)
- Add additional layer of data, e.g. drug screening data

 Fine-tuning of existing platform

- Add pediatric PDX to existing PDX databases

www.kitz-heidelberg.de



ITCC-P4

- IMI-2 Consortium:

Generation and characterization of >400 in vitro and in vivo (PDX) models across

solid pediatric cancers for preclinical studies. Broad collaboration between academia,
SME’s and Pharma. Proof of concept for immunotherapies in humanized models

dkfz.
German Cancer Consortium
Core center Heidelberg
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WP 7: Sustainability and contractual management

Marcel Kool Division of Pediatric Neurooncology




ITCC-P4-Models

ITCC-P4 current status (Feb 2020) et s e
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- ~ | innovative
CIMI) | medicines
ITCC PAEDIATRIC . ./ initiative

mm PROOF OF CONCEPT IMI2 ITCCP4 WP3 - efp::a

PLATFORM

Shme b RSB T o st

A ™ RGP EFR ORI NIP U o WIS R F 5 8,
! AR i

RNA sequencing (input: RNA RIN = 7) strand-specific lllumina; Expected : 65M raw pair
reads)

ehuman (primary) tumor DNA
etumor DNA of PDX model

This project has received funding from the Innovative Medicines Initiative 2 Joint Undertaking under Grant Agreement 116064. This Joint Undertaking receives support from
the European Union’s Horizon 2020 research and innovation program and the European federation of Pharmaceutical Industries and Associations.
http://www.imi.europa.eu/
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| TCC PAEDIATRIC —__e~ | INitiative

PRECLINICAL

P4 st B efpia
In vivo testing

* All done at SMEs
* 40 different PDX models per entity

e 3 SOC drugs plus 6 targeted compounds per
entity

* N =1 mouse per PDX and per drug

* Readouts: tumor size and survival

* Correlate response with molecular data

e Biomarkers for stratification in clinical trial?

This project has ved funding from the Innovative Medicines Initiative 2 Joint Undertaking under Gra tAg ement 1 1(0(4 This Joint Undertakir s support from
the Europea U H rizon 2020 research and innovation program and the E ropean feder l of Pha utical Industries and Assouallons.
http://www.imi.europa.eu



Many distinct molecular entities of brain tumors require
multiple distinct model systems for preclinical studies

Model systems:

* (Cerebral organoids (mini brains)
* (Cerebellar organoids

=) Brain stem organoids
* Brain tumor organoids

e GEMMs * Organoid co-cultures

e (ell lines

* Organoids

* In utero electroporation mouse models

* PDOX models —— including immunoproficient mice

30 www.kitz-heidelberg.de
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