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Low-grade Astrocytoma
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Pilocytic Astrocytoma F— =
' PedBrain Tun%?
OOOO n =96
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el e e . Novel “actionable” targets
| il . |

. PTPN11) 2 % RACC2NTRK? . . :
| st L Prers e - Alterations in one pathway in
(G2 | Sos ) 100% of cases

FGFR ITD: 1% @ ey remarr 1o  Pilocytic Astrocytoma:
7% k— m a "single pathway”

KIAA1549:BRAF- 70 % \ disease!

Other BRAF Fusion: 5 %

BRAF Mutation: 5 %
=> Druggable® mutations
=> Therapy options

[] Cytoplasm

Jones, Hutter, Jager et al. Nature Genetics 2013




Preclinical model

Construct Incidence (tumors/dead)

BRAF wt FL 0/10

BRAF V600E FL 0/10

BRAF wt Kin 0/10 Pilocytic
BRAF V600E Kin 26/29 (89%) Astrocytoma

Gronych et al., J Clin Invest, 2011

= Currently used to test inhibitors of BRAF
and other MAP kinase pathway factors



Medulloblastoma: Molecular Classification

Subgroup

Gender ratio

Age distribution

Histology

Metastasis @ Dx

Patient Survival
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stem cells of SVZ CGNPs of the EGL

Northcott et al. Nature Reviews Cancer 2012
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Infants, children & adult SHH-MBs: different mutations in pathway

infants (<3) | children (4 — 17) adults (=18)
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Kool et al., Cancer Cell 2014




SMO inhibition in different SHH models

DMB-012

6000
s 100nM
A F 2000 4 =500 M
g
§ 3000 -
3 yrold female, § 2000 1
desmoplastic " 1000 4 2
PTCH1 mutation 0+ e — =
DMSO LDE-225 g

LDE-225, a drug
already tested in

LDE-225

Rob Wechsler-
Reya

clinical trials

DMB-012

Kool et al., Cancer Cell 2014




Infants, children & adult SHH-MBs: different mutations in pathway

infants (<3) | children (4 — 17) | adults (=18)
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Kool et al., Cancer Cell 2014

TP33 Mutations i in SHH- Medulloblastoma are linked to chromothripsis
and are germline mutations

-

Clinical implications:

= no SMO-inhibitors
=> minimize radiation
=> genetic counseling

Chromothripsis

Rausch et. al, Cell 2012




Survival curves for relapsed pediatric patients
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INdividualized therapy FOr
Relapsed Malighancies in childhood

INFORM: next-generation diagnostics for children with progressive/relapsed malignancies

Kipis
LT
St

dkfz.

German Cancer Consortium

Stefan Pfister Peter Lichter Angelika Eggert Olaf Witt
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INFORM

Identification of actionable targets by NGS => molecular tumor board => targeted therapy approaches

Registry Study

(feasibility year 1+2, continued)

ALL-HR Goals feasibility phase
Logistics Clinical trials
ALL post-SCT = molecular analysis, target

identification, turnaround
=> individualized risk
AML management
—> access mode compounds

= Clinical data base
Eginifumon = molecular targets Target A INFORM?2 treatment

=> documentation of
Target B arms (phase |/||)

individualized treatments

Ewing Sarcoma = clinical courses, tox data

Molecular data

Neuroblastoma => genomic, epigenomic, Target C
transcriptomic profiles
NHL Evaluation of data ITCC ESMART
=> druggable target patterns
within/across entities
Osteosarcoma = set of targeted compounds of
interest “tool box" (BfArM!) .
= define number of eligible Other phase I/Il trials
Rhabdomyosarcoma patients/year for AMG trial
10/21/2013 01/19/2015 Q1 2017
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INFORM: Molecular Analysis

Copy-number changes

SNVs/InDels

somatic (drug targets, ADME)
germline (tumor predisposition, ADME)

Fusion genes
Expression of somatic SNVs
Changes in gene expression

Changes in gene expression
(comparison with entity specific reference cohorts)

Classification (e.g. brain tumors)
Gen-Silencing

VPO VL2 OO0D OV
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INFORM - Workflow Heidelberg

Day 0-4 Day 5-15
Sample preparation Sequencing
+ Histopathological - QC
evaluation « Library preparation
* DNA and RNA
extraction * Whole-exome seq.

* Low-coverage

whole-genome seq.

* RNA-seq.
+ Affymetrix array
* lllumina 450k array

Target verification * Alignment

Day 16-17

101010101110000
101001001000011
110010110101011
100110101011110

110110001111110

Data processing

* Bioinformatic
processing

Target analysis

« Data interpretation

« Target prioritization

« Identification of
matching drugs and
suitable trials

Day 21

TARGET REPORT

Tumor board Preliminary report

* Ped. oncology * Information on

* Biology detected alterations
* Pathology (priority score,
* Bioinformatics biological
* Pharmacy consequence)
* No treatment
recommendation
Day 40

Final report with
validated results

Worst et. al, Eur J Cancer, 2016
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INFORM recruitment Germany (registry phase, 01/2015-09/2016)

Number of patients
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INFORM Patients (pilot/registry phase, 10/2013-09/2016)

291 patients approached

sex: female 130
male 161

age: average 13 years
min 1 year
max 40 years

‘l’_> 34 ineligible

257 patients enrolled

‘L_> 7 insufficient/no tumor

237 patients sequenced

‘L_> 5 no tumor

232 patients analyzed
(13 patients pending)

XY
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AmML NHL Others
ALL 296 2% 15%
5%

Neuroblastoma

0,
12% High Grade

Glioma
16%

Osteosarcoma
7%

Medulloblastoma
5%

RMS/DSRCT

Ependymoma
12%

0,
Rhabdoid °7°

0,
Ewing 3%

16%
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Target Priorization — stratification for INFORM2

Target Type Entity Target Status

Genetic hit (focal high-
amplitude CNV)
Genetic hit (mutation/

Confirmed driver

High Confirmed driver Other
rearrangement)
Confirmed pathway Specific Genetic hit (mutation/
activation, genetic P rearrangement)
. . Genetic hit (mutation/focal
Presumed driver Specific low-amplitude CNV)
Presum h o L
Moderate e§u .ed pat wey Specific Genetic hit
activation, genetic
Confirmed pathway Other Genetic hit (mutation/
activation, genetic rearrangement)
. Genetic hit (mutation/focal
Presumed driver Other (el )
Pref,um‘ed pathw§y Other Genetic hit
Intermediate activation, genetic
Synthetic lethal / Predictive L
. Any Genetic hit
marker, genetic
Overexpressed driver Specific  Protein/Expression Change
Possible driver Any Genetic hit
Borderline
Overexpressed driver Other Protein/Expression Change
Possible pathwa.y activation, e el
genetic
Path tivation, . .
Low athway ac 'va on Any Protein/Expression Change
expression
Synthetic lethal / Predicti : .
D r(? chve Any Protein/Expression Change
marker, expression
. . . Genetic/Protein/E i
Very low Circumstantial evidence Any Sl e e e
Change
NA Biological interest Any Genetic hit

XY
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Algorithm to be tested in INFORM?2

Can a higher score predict a better
response/outcome?

+ 60% of patients:
Target with Score > intermediate

|

+ 85% of patients:
Potentially actionable target

|

All analyzed patients: 100 %

VPO V200D T




Targets mit Score 2 intermediate (198 patients, 10/2013-06/2016)

Gene SNV/Indel Fusion Copy number Expression Affected oncogenic
change change pathways
ALK il uen ARRRRERC
FGFR (]| 1] L ({1111
ERBB nen il {1
VEGF/R (1] (|1 ]| Receptor tyrosine
PDGFR I l lllll I kinase (RTK) pathways
MET | il il
NTRK | | B (1]
Others an 0 [ ARREEEN
SRC family | I | | | l l I I [ | | Non-receptor TK pathways
PI3K ({11 ] ] BEER 0 0
AKT [ | | PI3K/AKT/MTOR
TSC/MTOR /WL pathway
PTEN A/ VIV
RAS/MEK ARRRRNEEER [ ] | B Au/ame
NF1 /W /Y MAPK pathway I Ependymoma
BRAF Ill [ I [ Ewing's sarcoma
CDKN2A/B/C l """"""""""" I High grade glioma
/A AN ¥ Medulloblastoma
"""""’jrjrjrj Cell cycle control l Neuroblastoma
CDK4/6 LEL L . | R
CCND1/2 [ | N b B osteosarcoma
MDM2 | | IIII |TP53 regulation Rhabdoid tumor
MYC/MYCN 0 (1111 B rms/psreT
lllll..l Transcriptional I i
MLL ({11 regulati
gulation
SMARCA4/B1 7/
EZH2 H l D gain of function
PTCH1 |rjrjrjrj | | | |Sonic hedgehog
Telomerase | | |lllll I |I | Telomere maintenance Z loss of function

Worst et. al, Eur J Cancer, 2016
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INFORM2 plans — clinical trials

Design principles
* Entity versus target driven approach
* limited number of recurrent actionable alterations
* Mono- versus combination therapy
* but at least one drug with pediatric RP2D (recommended phase Il dose)
* Phase | versus phase I/II
» fast escalation phase | (assuming no interactions and known toxicity profile) to
max. 100% pediatric RP2D
* seamless phase Il thereafter
e Multi-arm versus multiple trials

* multiple trials in 1 mock-up protocol (medical regulatory body: BfArM)

000 0 0008"8® W INFORME 02O GVROODBY



INFORM2 plans — potential subtrials

Compound class 1 Compound class 2

MET/ALK/ROS1 inhibitor

RTK inhibitor (e.g. ABL, PDGFR,

MEK1/2 inhibitor
MEK1/2 inhibitor

VEGFR2 Src, RET, FGFR, NTRK)

PI3K inhibitor
anti-PD-1 antibody

HDAC inhibitor

Molecular
diagnostic,
e.g. INFORM

| I—
[E—
L1

PHASE |

Dose
escalation

RP2D combi

eatment compq

8@ @ INFORM @

Examples:

Stratum C:
EZH2i + DNMTi

Stratum D:
PI3Ki + MEKi

Stratum E:
RAFiI + MEKi

Stratum F(i):
HDACi + BETi/AURKIi

Stratum G:
METi + MEKI

Stratum H:
ALKiI + MEKi

Stratum |:
SMOIi + PI3Ki

Stratum K:

CDKi + MEKi
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Patient example |
*2006, male

* 04/2011:initial diagnosis of a metastasized group 3 Medulloblastoma
treatment according to the standard protocol (incl. craniospinal irradiation)

* 09/2014: massive tumor growth

e 10/2014: INFORM analysis: PTPRZ1-MET fusion with amplification and overexpression of MET
+ TP53 mutation (most likely radiation-induced Glioblastoma)

MET

Expression
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PedBrain Tumor
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H3F3A
IDH1/2
ATRX
SETD1A

MYC/MYCN

BRAF

EGFR

FGFR1-4

KIT
MET
MTOR
NF1
NRAS/KRAS

NTRK1-3

PDGFRA

PIK3CA
PIK3R1/2
PTEN

cr

[

M

2

RNAseq showed recurrent fusions

involving MET

Wild type MET

e

TFG:MET

cr

KD

TFG.

1WE9 0901

CLIP2:MET

o1

KD

cup?

19189 092!

Bender et al., Nature Medicine (Oct 17, 2016)

ICGC PedBrain Paper:
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PedBrain Tumor

Mouse model: MET fusion causative for glioblastoma

I

¢
% ﬁ
RCAS virus
RCAS- —_— ¥ M T (
TFG-MET % ?

Ntv-a;Cdkn2a-/-

Jan Gronych

ICGC PedBrain Paper:
Bender et al., Nature Med (October 17, 2016)




Survival [d]

A
—3
Preclinical testing of targeting inhibitors
Vehicle Foretinib
25 . . ° . L4 . (]
20— D
(]
15 . . .
10
1451 1453 1456 1457 1459 1460 1464 1452 1454 1455 1458 1461 1462 1463

Fraction survival

Survival of Foretinib 60mg/kg 1on1off

1.0

0.5

0.0

Treatment

== Foretinib
== \/ehicle

1I5
Days

20

25

30

) N <28

STOP

ICGC PedBrain Paper:
Bender et al., Nature Med (October 17, 2016)




Patient example I: Treatment response ....

i ?
Treatment with a MET-inhibitor (Crizotinib) ... and resistance?

baseline post-OP 2 months Crizotinib further 16 days Crizotinib

000 0 0000"5® W INFORVEO VPO VWR2OOBBYT



Patient example Il
*2008, female

* initial diagnosis of an Anaplastic Astrocytoma lll° in 11/2013
treatment according to the standard protocol (HIT-HGG, RTx and TMZ)

* Tumor progress in 11/2014

e 12/2014: INFORM analysis: FAM131B:BRAF fusion identified, typical for Pilocytic Astrocytoma I°
=> MAPK pathway activation

e Patient is now treated with a MEK-inhibitor (Trametinib)
+ valproate + low-dose cyclophosphamide + chloroquine

* 10/2015: stable disease

Chromosome 7

Other BRAF Fusion: 5 %

) &=
KIAAT549:BRAF: 70 % \
BRAF Mutation: 5 %

100Mb 150Mb
ICGC PedBrain Paper: Jones et al., Nature Genet 2013
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INFORM registry international

European partners DKTK + partners

Countries that are currently preparing
for participation (consent, ethics,
logistics, national sponsors).

Countries that are currently
considering participation

Strategic cooperation partners:

Australia & New Zealand GOSH = Great Ormaond Street
Hospital London; PMC= Prinsess

Maxima Center Utrecht

@ INFORM® P



Innovative Therapies
tor Children with Cancer

Eu rnrm n
consortium

Integration of national molecular matching trials

G MAPPYACTS  INFORM THER COMETH °

[ | Jro = -— 2=
N H-
Create a large
European
Well-annotated
clinico-blological
database

Match treatment
proposal to molecular
portrait

5.
Identify new targets,
new pathways for
speclfic pediatric drug

Evaluate new drugs and
drug comblinations




INFORM Team

_ GESELLSCHAFT FUR
PADIATRISCHE ONKOLOGIE |
UND HAMATOLOGIE

Stefan Pfister Peter Lichter

Cornelis
van Tilburg

Elke Pfaff

UniversityHospital Heidelberg

dkfz.
» German Cancer Consortium
7

Ruth Witt David Capper Petra Fiesel Miream Boudalil Gnanaprakash
) NATIONAL CENTER
“ N CT FOR TUMOR DISEASES
HEIDELBERG

Balasubramanian

Angelika Freitag,
Lenka Taylor
Till Milde

The INFORM Team Worst et. al, Eur J Cancer, 2016

Andreas von Deimling
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Outlook: Testing for therapy choice in cancer?

Body fluid

Molecular Profiling

EGFR
000000000000OCO00000A0ON 000000000000C0000000000000
[eclecieceioeicccsioceecieesies 1000000000000

W

Culture

Analysis D@
of activated @ G-@
pathways R
A €
|->0yc|in D1 v I—»t:yclin E
é% [ONUNZNN [ONUNUNEN
PROLIFERATION PROLIFERATION &
CELL SURVIVAL
Treatment l
l Selection of drugs (from existing options)

— Treatment of respective patient depending on outcome
Monitor patient to detect resistance to therapy
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Goal: sequence samples from at least 200,000 cancer
patients over the next decade

(One project: 4000 patients, e.g. over five years)

=> collection of adequate clinical information will be
of utmost importance!

White paper: http://icgcmed.org/
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The added value of ICGCmed: i med

Development of common databases containing information on
molecular alterations that can be targeted by drugs
the prioritization of molecular targets
the impact of rare molecular variants
the availability of drugs for respective applications
clinical response that was observed
the tumor types, in which clinical response could be expected
the clinical consequences of treatment combinations
the impact of ethnic background in this setting
the association of adverse drug effects with patient’s constitution

the potential familiar background of cancer cases



