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Oncology — A Leading Topic in Heidelberg

EXCELLENCE in

s+ Clinical Translation and Basic Research

¢ Clinical and Translational Cancer Programs

¢ Interdisciplinary Patient Care




NCT - Interdisciplinary Patient Care

Heidelberg University Medical School
61.210 Inpatients, 50.042 Day Hospital Cases
G-DRG Case-Mix 2012: 109.975 Index: 1,797
426.760 Outpatient cases / 1.029.920 Visits (2012)
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Clinical Care

NCT 2013

Newly Diagnosed Patients: 9.802
Out-Patient Visits: 55.235

Treatments: 19.300

Patients Enrolled in Clinical Trials: 20,4%
232 Clinical Trials, >70 HD IITs (2010/2012)

Cancer Research Grants
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NCT 1.0 — Principles & Practice O NCT

UniversitatsKlinikum Heidelberg

All
Clinical Departments
with Oncological
Activities

All
Translational Cancer
Research Groups

S EVERY TRIAL

Creating Interdisciplinarity

EVERY PATIENT




NCT 2.0 — New Building & Structures O NCT
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NCT 3.0 — The Next Level ONCT

DELIVER
" Clinical and Translatlonal '.

Precision Oncology
i== Cancer Programs

SCIENTIFIC &
CLINICAL EXCELLENCE




NCT 3.0 - Strategic Aims
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* Position NCT as a Leading Comprehenswe
Cancer Center in Europe

» Expand NCT Precision Oncology Program

* Deliver at the Point of Care
Translation — Personalization — Precision

» Expand Internationally Recognized Clincial
Cancer Programs & Profile Areas

« Employ Novel, Innovative Treatment Concepts




NCT 3.0 — Programmatic Funding Building Extension

€25Mio.

€20 mio. €20 Mio.

NCT 3.0 Fun

2015 2016 2017




NCT Dresden

53

*
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000 000 000 000 000 000 000

FUNDING

Up-to €15 Mio p.a. in 2019
New Research Building

CCC Building funded by DKH

PROFILE AREAS / RECRUITMENTS

(O NCT

Innovative Medical Oncology
Translational Research

Radioimaging ..
Theragnostics S ,."_;_j_» fe
Link-up DKFZ HIPO, NCT POP & NCT MASTER T
Immunotherapy L ity
Systems Biology e

Multidisciplinary Profile Areas




NCT 3.0 - Profile Areas to be Expanded

DELIVER

**NCT Precision Oncology

**Novel, Innovative
Treatment Concepts

**Clinical Trials & Biobanking
Infrastructure/Expertise

EXCEL

** Molecular Stratification
*¢* Immunotherapy

** Profile Areas -
Neurooncology
Pancreatic Cancer,
Radiooncology,
Lung Cancer,
Prostate Cancer

** NCT OncoCheck-
Programm

+¢* Innovative Oncological
Imaging

+** Molecular Tumor
Pathology

+* Biomarker Platform

+** NCT DataThereHouse &
Cancer Registry

** New Programs —
CardiOncology, Palliative
Oncology, Hematology

+*¢* NCT Basic Research

Pipeline

O NCT




NCT Precision Oncology Program ONCT

EARLY DIAGNOSIS ’

RISK STRATIFI

CLINICAL EVALUATION & s ‘
TRIALS DIVIDUALIZED
TH ERAPY;f PREVENT X :
DYAYPAY
Ll N|C T DataThereHouse
Lo Organized i

TARGET
CHARACTERIZATION

NCT OMICS

IDENTIFICATION




The Paradigm Shift: O NCT
Imaging each Individual Patient's Cancer
At the Molecular Level




Heidelberg Center for Personalized

Oncology

HIPOE

hipo

Clinical
Development?

Heidelbergenterltor@Personalized@ncologyfl

SystemsBiologyP
Genomefnalysisz Bioinformatics®
Program Synthetic@Biologyf

Program(

Peterflichter?! RolandEilsP]

Appliedd
Bioinformatic§l

Sample@Processin
il ¢

FrohlingT Glimm/
Pfitze | Bewerunge-Hudler?

Sequencing/Array® | DataBManagement

EWolf/WiemannEl
Eils/Laweren#l

NCTG
Precision@ncologyl
Programf
(NCT-POP)®

Christof.&allel!

Chromatin-and® Next@eneratiorl
RNABMethod$€l Imaging?
Mallm/Rippéa Conrad
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NCT Precision Oncology Program @NCT

‘ a Patient

Patient

Patient

Patient
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Biomaterials Clinical Data




NCT MASTER Workflow (O NCT

PATIENT ADMISSION

ENROLLMENT =
CLINICAL DATA EEE
DIAGNOSIS & & am —
SAMPLING T
mEE =
-
B o
mEm I
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BIOINFORMATICS o :
CLINICAL REPORT EE O
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MOLECULAR y. O 2
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»
INDIVIDUALIZED & -
THERAPY & —
TRIALS EEE O
RESPONSE & -

RESISTANCE
PREVENTION




National High Throughput dikfz.
Sequencing Core Unit
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ICGC Sequencing
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NCT Precision Oncology Program
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http://www.dkfz.de/
http://www.dkfz.de/

DNA Sequencing Methods Applied in Oncology (O NCT

WHOLE GENOME SEQUENCING

WHOLE EXOME SEQUENCING

GENE PANEL SEQUENCING




Cancer genome sequencing

Reference sequence Non-human
Chr1 ‘Chrs sequence

Homozygous Hemizygous Translocation

Point mutation Indel deletion deletion Gain breakpoint Pathogen
L J

I
Copy number alterations

Nature Reviews | Genetics

Meyerson, Nat Rev Genet 2010



Applied Bioinformatics

SECONDARY
ANALYSIS

PRIMARY
ANALYSIS

Pathogen

OneTouchPipeline
integration

Ploidy

Benedikt Brors prediction

Mutation
in RNAseq?

RNA
sequences

Mutation
annotation

DNA
sequences

Copy number
variants

Structural
Variants

uuu

Alternative
Splicing

{bp)

log intermutaticn distance

dkfz. Ona

TERTIARY ANALYSIS:
JNTERPRETATION®
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http://www.dkfz.de/

NCT MASTER - Registry & Interventional Trial O NCT

PISBK-AKT-

-> mTOR
s
RAF-MEK- :wa
—> ERK L X
4
-
Patient Clinical Molecular ' >
Sample ' Evaluation /) validation Tumor LY_fOS'ne =
Asservation ! Board* —> inases =
.

y
Developmental
—> Pathways

DDR
Feed Back Results = 3 Signaling

Adapt Treatment/
Functional Testing

Hypermutated/

9 Immuno-

. . - : . . _ therapy

Stefan Frohling, Christoph Heining, Hanno Glimm, Stefan Groschel, Claudia Scholl (Functional Genomic

DKTK — LMU Minchen, Frankfurt, Dresden, Essen/Dusseldorf, Freiburg, Berlin © Phiip Berjamin 2012 | contac




NCT MASTER - Registry & Interventional Trial O NCT
CURRENT STATUS

Hepatobiliary

. Gastric

Brain

Renalj | / Unknown Primary
- Bone and Soft { / Head and Neck
Entities V.

Colorectal
W
i

Pancreatic " Dermatologic

Hematologic Breast




NCT MASTER — Case Report I)
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200000 400000 600000 800000 1000000 1200000

Metastatic gallbladder carcinoma
« Peritoneal and cutaneous metastasis during adjuvant chemotherapy with
oxaliplatin/gemcitabine

Amplification of chromosome 17912, including ERBB2
« Outlier ERBB2 mRNA expression
- ERBB2 protein expression by immunohistochemistry (3+ according to ASCO guidelines)

Dual ERBB2 blockade:
trastuzumab/pertuzumab

>

Complete remission for
>12 months

Czink et al. Z Gastroenterol 2016




NCT MASTER — Case Report Il) (O NCT

Rationale for Experimental
Targeted Treatment

35-year-old patient with bladder tumor,
bilateral pulmonary masses, enlarged hilar
lymph nodes, and disseminated bone lesions
* Histology inconclusive

* Refractory to cyclophosphamide, doxorubicin,
vincristine, and prednisone

Co-existence of HRAS p.Q61R and BRAF
p.F595L within single clone

Mutational spectrum highly suggestive of non-
Langerhans histiocytosis

Rationale for MAPK pathway blockade using
sorafenib or MEK inhibitor

No rationale for vemurafenib or dabrafenib due
] to risk of paradoxical MEK/ERK activation

[ Proliferation ] [ Survival

Kordes et al. Leukemia 2016




NCT MASTER — Case Report II) ONCT

Urinary bladder (before therapy)

el [ I e ey Rationale for Experimental

7 fe Targeted Treatment
T Y S LT :

F595L gj i ! i
Physiologic BRAF signaling BRAF signaling | Collzbsfsnc;r:‘ ggthviirgsgr;tthant

Enteric wall (during sorafenib/interferon therapy)
v

pERK. ¥ . ‘PERK _
- - 2l i

! in the absence of RAS activity

! Sorafenib
J AZ628
/ (Dabrafenib)

*
-

.

Oy
"~ .
8|

1

-

Loss of phosphorylated ERK
expression in tumor cells after 3 BRAFA B (BRaF .o *?;?F*?RAF WhEceal AR

weeks of sorafenib and interferon u u 5 u

alpha treatment \ / \ / \ 1

Frequent coexistence of MEK MEK |— Trametinib
intermediate-activity BRAF | : | 5 3
mutations and oncogenic RAS in i |

BRAF BRAF

W Fso5 BRAF WersosL RAF1
@5‘ &

various cancers ERE i = =

Wan et al. Cell 2004 | : ] : ¥

COSMIC database o , ! o : o
Proliferation, survival, ! Weak oncogenic signal ! Strong oncogenic signal

differentiation i '

Cooperative activity of BRAF p.F595L and HRAS p.Q61R in

aggressive histiocytic sarcoma )
Kordes et al. Leukemia 2016



DKTK MASTER
Critical Next Steps

PI3K-AKT-

N =299

Patient Molecular
Sample Sequencing

Bioinformatic Clinical

Analysis Evaluation palcaten Tumor

Tyrosine
Board* .

Asservation Kinases

*Recommendation: 60%
Treatment: 24% Pathways |

Unbiased Focused

Functional Functional DDR Signaling

sweiBfoid Aemyred Yiim [elil 19yseg

Testing Testing

Hypermutation

Development of a common path for clinical cancer genome
sequencing and molecular stratification within DKTK

Further development of strategies for clinical translation

Refinement and expansion of strategies for functional annotation

German Cancer Consortium (DKTK) dkfz.

German Cancer Consortium



Strategies for Clinical Translation O NCT
Continuous Reassessment with Flexible Extension — CRAFT

Arm 1*
*Common alteration Patient 1: NR Genomics and entity-
driven enrichment
Arm 2* :
Entity-focused
validation cohorts
Arm 3* Patient 2: PR p——>] Prospective e Arm 3
DKTK screening in case
MASTER of recurrence
Arm 4*
Patient 3: NR DKTK
Arm 5*
™, J"“.:‘I“‘f'\;-".‘ f‘ﬁ‘\“" { CCP
WA AMLIIA AL A
py | Phasez

Study Arm Level

Responsible investigators, statistical planning/assessment, molecular Richard Schlenk (Ulm)
pathology, prospective enrichment strategy, phase 1b/2a switch Meinhard Kieser (Heidelberg)

German Cancer Consortium (DKTK) dkfz.

German Cancer Consortium



INFORM = INdividualized therapy FOr Relapsed
Malignancies in childhood

Angelika Eggert  Olaf Witt Peter Lichter Stefan Pfister

Clinical Trial
(Year 3-5)
ALL AML
Enrollment
HGG (incl. DIPG) Medullo/Ependym.
Standard of Care: Backbone
. Chemotherapy
Ewing Sarcoma Neuroblastoma
g_t‘:"- "3'%, Targeted
NHL Osteosarcoma S brug 1

L |
%3.,_,-,-,;:‘(” l l l I I l l Targeted
Drug 2

Rhabdomyosarcoma Rhabdoid Tumors




Somatic ‘drivers’ in medulloblastoma e —

[\ (G &
PedBrain Tumor

n =189

100%
' 2 | — ,
o P. Northcott D. Jones N. Jager S. Pfister
80% e e

60%
40% -

20%

Northcott et al., Nature Reviews Cancer 2012




What else is out in the genome

ARTICL!

Enh - L N ] L | L] - @ - Fath b o | i L X |
onc Hllnlilul Danmnvsnnd TECDT Duarmanantas

-~ am. TERT Promoter Mutations in Familial

HESE!RCH

RESEARCH ARTICLE 40i110.1038/ nature12477

MOEILE DNA IN CANCER

L]

cesses Iin
Extensive transduction of

nonrepetitive DNA mediated by LI
retrotransposition in cancer genomes

Jose M. C. Tubio,' Yilong Li,"* Young Seok Ju,"* Inigo Martincorena,’ Susanna L. Cooke,



High abundance of fusion genes in breast cancerO NCT

HCC38 HCC1937 HCC2218
ER" PR ERBB2- ER" PR" ERBB2- ER- PR" ERBB2*
BRCA1 null
éﬂ‘lfﬁ‘.': v"g"l‘ .-,, &%'If“.:,.
’;00)' } ~“ ‘oq' ’;0:' ‘} ’;00,' “—‘4«%
739" ! ,"'/,‘-h ’0‘ a 1904" '0‘ 5 10’;" Q. A
K 2 7 )
HEN /‘/@ \ A N 1675"\ s
158 — _— 3"156 . B4 0y g“
1R TS SSs 188 = s/ E_ 4% =~
% /‘77 1\«\\\,, .:i 5\ I < ;5 oA "i 5
K LA K <o \m\s ) - 6
N Srames®s S vy N i
PD3668a PD3664a PD3667a
ER* PR* ERBB2- ER" PR" ERBB2- ER* PR* ERBB2-
RPg?(’:s'jz ;
Amvme l
v

Edgren et al., Genome Biology 2011

Stephens et al., Nature 2009



A Single Oncogenic Enhancer Rearrangement Causes
Concomitant EVI7T and GATAZ2 Deregulation in Leukemia

Stefan Groschel™*®, Mathijs A. Sanders"®, Remco Hoogenboezem', Elzo de Wit®, Britta A.M. Bouwman?,
Claudia Erpelinck’, Vincent H.J. van der Velden*, Marije Havermans’, Roberto Avelline’, Kirsten van Lom’,

Elwin J. Rombouts’, Mark van Duin’, Konstanze Dohner®, H. Berna Beverloo™®, James E. Bradner”?,

Hartmut DShner?, Bob Léwenberg', Peter J.M. Valk', Eric M.J. Bindels', Wouter de Laat®, Ruud Delwel" #-

Dual gene deregulation in inv(3) AML

Monocyte/macrophage differentiation upon

enhancer deletion
S8 ® T %Ne
normal chr3 GATA2 EVIH P i ’ ! 4
-_%SZ enhancer : v ;8 I Q :
Control [ "* 3
> 9 e
inv(3) , —
>/

o — =

3 D b :m.
GATA2 EVI1
enhancerg =

gL, 3 PR
— ":& » ':" =3 4
CRISPR o o - e [
week 3 ﬁ‘ ‘ &
CRISPR/Cas9 [ l ? X ® E- @

Groschel et al., Cell, 2014



Examples of other NonCodingMutations:

® Mansour et al., 2014, Science 346, 1373: An oncogenic super-enhancer formed
through somatic mutation of a noncoding intergenic element. (R. Young)

H3K27ac@ ®H3K27ac

@ small insertion@ O V\

T
H3K27ac [ TALL

—— CACGGT TAGGAAACGGTA m——

(T-ALL)

® Weinhold et al., 2014, Nat. Genetics 46, 1160: Genome-wide analysis of
noncoding regulatory mutations in cancer. (PLEKHS1, WDR74) (C. Sander)

[ 1

5 UTR

Number of mutations
- w (]
L1 1

TCGACIRNMEGGTTCACCCAGCATINNSOTRESOCTGTTTTCTTT ...

[— CDS ——
GAACGAGATG. ..

T T T T
Chr.11 111,957,520 111,957,530 111,957,540 111,957,550

T
111,957,630

(Bladder Ca.)

® Denisova et al., 2015, Oncotarget 6, 35922: Frequent DPH3 promoter mutations

in skin cancers (R. Kumar)
(skin cancer: SCC, BCC)

Deutsches Konsortium % & o
dkf z @ flir Translationale v !‘M\ o

Krebsforschung @ Wy
@ | / €n

DPH3

—— ——
CATGGT. . . AAGGACTAGCCCTTCCGGCGCATAGGCAATGACGCAA
GTACCA. . . TTCCTGATCGGGAAGGCCGCGTATCCGTTACTGCGTT
A P

16,264,876

16,264,989
|

EBS
motif

. | invariant |
|— 5-UTR —| | 5-GGA3 |

CTCTTCCGGCG
GAGAAGGCCGC
CCTTTCCGGCG
GGAAAGGCCGC

CREB1

G997A (-8)

GO9BA (-9)

171 bp

16,265,160

|
|
+1
|— 5-UTR —|

16,270,953

v
CCTATTGGGCGGCAGCGACCAA. . . AAAGCGCCATG
GGATAACCCGCGGTCGCTGGTT. . . TTTCGCGGTAC

> oxnAD1




Assessing heterogeneity/clonality/evolution NATURE MEDICINE

TN cancars: nec-adjuvant chemotherapy Primary surgery
Pathology TH:23mm T:27mm  TM:35mm  TN: 40 mm TH: 28 mm TH: 60 mm TH: multifocal: 31 mm ER*PgR'HER2™:  TMN: 40 mm ER*PgR*HERZ™: multifocal
MAC FEC-T EC-P EC-P Epi Epi FEC Epi-T 30 mm and DCIS: 26 mm
Casa PDoO775 PDa773  PDa776 PDa777 PDa76 PDS7T1 PDa770 PDoa4a PDoas2 PDaGos
Mumber 3,104 (>00%) 2,026 (00%:) 13,210 (94%) 4,851 (809¢) 6,582 (70%) 11,479 (58%) 7,624 (40%) 4,212 (919%) 6,231 (839%) 3,371 (16%)
of point
mutations BRCAT %4 SF3B1:
(% clonal) | |7Ps53: TP53- PTEN TP53: TP53: p.R175H TP53: TP53: TP53: TP53: 1! pKTOOE
p.Rz4sW] fp.R2480 ARID18 p.Nzagis CTNNE?: p.Y107* p.Raog* p.P151R p.0165* i ¢ CREBBP:
ARIDB: MYC CBL- p.S45deal3 FGFR1 PiK32CA: PTEN: FPIK3CA: p.O403"
p.G13950s FGFR2 p.P417A PTEN WHSC 1Lt pH1047R p.Ta19fz* p-H147R o PTEN dal
LOH 1p, JAKZ MYC ERLINZ EGFR FGFR2 FPBRM1
17p, 170, LOH CCNET (x8) IGF1R (40 ERLINZ NF1 A7 W TERT
13g 17p LOH 17p, CDK4 WHSC1L1 EGFR  BMX:fs&¢
ap, 21g AR FGFR1 ERBBz ~ FGFR1Z:
MET CDK& LOH 10q, LOH e
17p EGFR CUX1 (»2) 17p 17p
LOH
L NRAS - PTEN-
Y\ o | O p.R130"
deal CONET EREB2 L X
del ix4) CBFEBLX PERNM1 PTEN:
H ¢ - ﬁfgz FGFR2 {XF%._EI}".'XI RAD21 L del p.G132D
'\b W% gl NCOR1

* highly variable subclonal diversification
e no strict temporal order

that were detectable in early lesions

=> Necessity to include subclonal and longitudinal analysis
In clinical trials of primary breast cancer

O:. Branches datectad
" in DCIS samples

alterations in driver genes occurring early in some tumors and late in others
resistance to therapy and invasive potential arose from subclones

Yates et al. 2015



LIQUID BIOPSIES

Analysis of body fluids: Blood, Plasma, Sputum, Urine, Spinal Fluid

Focus on circulating tumor cells (CTCs) and
circulating tumor DNA (ctDNA), for

* Prognosis |
 Prediction ggég

* Molecular Heterogeneity o =

* |dentification of drug targets i M M
 Monitoring of therapy response == i ”/ ‘‘‘‘‘
* Monitoring of resistence mechanisms 77" - &

Haber et al. Cancer Discov 2014

‘non”-invasive approach to generate genetic tumor profiles



Functional Genomics (O NCT

Development of experimental systems for Functional annotation of
functional validation molecular lesions

* Viability/proliferation
 Apoptosis/cell cycle
» Anchorage independence
\*3 @ * Invasion/migration
« Pathway activation @

Immortalized non- Isogenic cell * Others
transformed cell lines lines

« Tumorigenicity (mouse, CAM)

Cancer cell lines

Introduction/modification of
genetic alterations by

lentiviral gene or shRNA transfer : : D .
or CRISPR/Cas9 technology Unbiased identification of

functional dependencies

* Genome-wide or targeted shRNA
screens

» Genome-wide or targeted
Stefan Frohling, Claudia Scholl, Michael Boutros (NCT CRISPR/Cas9 screens
Heidelberg/DKFZ) and Frank Buchholz (NCT Dresden)




NCT DataThereHouse (O NCT

Display Data from Various Sources for a Comprehensive
Overview of Information Relevant for Personalized Treatment

SEQUENCING DATA

ARRAY DATA

CLINICAL PATHWAYS

UNSTRUCTURED DATA

DOCTOR’S LETTER

STRUCTURED DATA




NCT DataThereHouse ONCT

Current Scenario
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NCT DataThereHouse ONCT
NCT Clinical Development Strategy

MONITORING
DOKUMENTAR l DOKUMENTAR DOKUMENTAR
o 0" 0% 6%y #* Organized in
1082 0g20gY ) X
VS Ene\es | seeraw
IS-H, PUBMED, UPTODATE, BIOBANK, INTRANET, IS-H, PACS

°

FORSCHER

~EFORSCHER I@

PUBLIKATION

v

KLINISCHE
STUDIEN ¥

NCT CANCER
REGISTRY

o
o
.
o
o
o

IS-H, PUBMED, UPTODATE, BIOBANK, INTRANET, IS-H, PACS




Translational Oncology...

Ty
|

needs to RETHINK the old & the new
needs SMART Data
IS a TEAM Effort




NCT Partnerships ONCT

Academic Collaboration

Dncgenk patheys ;l%"' ‘ Radiation oncology & ® 7 : ::: : © ®
; 0%0%0%0% DKFZ-ZMBH
Molecular diagnostics )‘T e .....‘...
w r Treatment resistance / .........
- % HELMHOLTZ 02020%0% ALLIANCE
mmmmmmmmmmmm ' - ’) Cancer prevention, early | ASSOCIATION ..:..
. detection, an d outcomes

Cancer Core Europe Consortium Centers

w o,
GUSTAVE/ % igo
dkuo O N CT ROUSSY NKI-AVL E{ 5 i«rmm\e @ | g

Karolinska
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CANCER CAMPUS / \
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NATIONAL CENTER FOR
TUMOR DISEASES

NCT HEIDELBERG




