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Personalisierte Onkologie

Die Personalisierte Onkologie
(engl.: precision oncology)
verwendet molekulare
Informationen Uber einen
Patienten, um Diagnose,
Prognose, Behandlung und
Pravention optimal
anzupassen

- somatische Mutationen
 Transcriptomik

» Proteomik

« Metabolomik




Krebs: eine erworbene genetische Erkrankung

« Onkogene werden durch genetische Veranderungen
(Mutationen) aktiviert

« Tumor-Suppressor-Gene werden stillgelegt

« Diese Veranderungen werden (meist) nicht vererbt und
entstehen zuféallig

« Krebserzeugende Veranderungen werden durch
evolutionare Prozesse selektiert

* Risiko steigt mit dem Alter



Genomsequenzierung

~ A
& n i)
...-*"'f-?’ e
L J

- Viele 100 I\/||II|onn -.
Basen) :

. Mehr als 30-fache Al . =~ o
Genoms




Cancer genome sequencing
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Capacity

Population Power

Composead of 10 HiSec X Systems, tha HiSeq X Ten s the irst sequencing
platform that breaks the $1000 barrier for a 30x human garome, Tha HiSeq X Tan
Systamn s ideal for population-scale projects focused on the discovery of genotypic
vanation to understand and impowve uman health, i can mpadly =aguence i8ns

of thousands of samples al high genoma coverage, dallvenng a comprenansive
catalog of human varslion within and outside coding rmegions

= Tans of thousands of whols human genmoimes per Vear

The Hisaq X Ten contains 10 serpuencim sveieme g d
;. 1 i = 51000 human gename, including depreciation, sample preparation, and labo

Capacity: 4.500 patients / year (120x Coverage)

Raw Data: 1,8 PB / year (5 TBytes per day)

Total Data including Analysis Data
(approx. 2x overhead)

Required growth of storage incl.
mirror storagy for 2015-2018:

4 PB / year (11 TBytes per day)

~ 10 PB per year



Big Data: Prozessierung
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Daten pro Patient

e pro Patient: 732 CDs

e pro 2 Wochen ein Stapel
von der HOhe des
Stuttgarter Funkturms

4/2/2019 | dkuo




Pipelines zur Variantendetektion

Sequencing
Core Facility
Data QC

Mapping and QC
VERE))

Variant Calling Copy number
(bcftools, estimation
mpileup) (ACEseq)

Indel calling
(platypus)

Jones et al. Nature 2012
Rausch et al. Cell 2012
Richter et al. Nat Genet 2012
Weischenfeldt et al.

Cancer Cell 2013
Jones et al. Nat Genet 2013
Jager et al. Cell 2013
Kool et al. Cancer Cell 2014
Gu et al. Nat Genet 2015
Grobner et al. Nature 2018
Weischenfeldt et al.

Cancer Cell 2018

Structural
variant
detection
(arriba,Sophia)




Genomic cancer medicine

blood sample gerq;line DNA

tumor sample tumor DNA sequencing at
high coverage
computational
) analysis:
comprehensive compare tumor DNA
report to germline DNA

guided therapy S = N K<)
decision . ( reduce to currently Y73

usable information: N A DN
- risk prediction il
- therapy response
- stratification to
targeted therapy

spectrum of
somatic mutations

J
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Targeted therapeutics

Table 1. Targeted Therapeutics in Cancer.®

Gene

Receptor tyrosine kinase

EGFR
ERBB2
FGFR1
FGFRZ
FGFR3
PDGFRA

PDGFRE
ALK

eMET

IGF1R

Non—receptor tyrosine
kinase

ABL
JAxz

SRC

Serine—threonine—lipid
kirase

dRAF

Aurora A and B kinases

Polo-like kinases

MTOR

BliK

DMNA darmage or repair
BRCAI and BRCAZ

Genatic Alteration

Mutation, amplification
Amplification
Translocation
Amplification, mutation
Translocation, mutation

Mutation

Translocation

Mutation or amplification
Amplification
Activation by insulin-like growth

factor Il ligand

Mutation

Internal tandem duplication

Mutation, translocation

Translocation (BCR-ABL)
Mutatien (VE17F), translocation

Overexpression

Mutation (VB00E)
Overexpression
Oreerexpressian
ncreased activation

PIKICA mutations

Mutation (synthetic lethal effect)

Tumor Type

Lung cancer, glioblastoma

Breast cancer

Chronic myeloid leukemia

Gastrie, breast, endometrizl cancer
Multiple myeloma

Glioblastoma, gastrointestinal
stromal tumor

Chronic myslomanocytic leukemia

Lung cancer, neuroblastoma, ana-
plasuc large-cell ymphoma

Cefitinib-resistant non-small-cell
lung cancer, gastric cancer

Colorectal, pancreatic cancer

Gastrointestinal stromal
tumar

Acute myeloig levkemia

Thyroid medullary carcinoma

Chronic myeloid leukernia

Chromc rmyeloid leukemia, myelo-
proliferative disorders

Non-small-cell lung cancer; ovarian,
breast cancer; sarcoma

Melanoma; colon, thyroid cancer
Breast, colon cancer; leukemia
Breast, lung, colon cancer; lymphoma
Renal-cell carcinoma

Colorectal, breast, gastric cancer,
glioblastoma

Breast, ovarian cancer

Therapeutic Agent

Gefitnib, edotinib
Lagatinib

PKC412, BIBF-1120
PKC412, BIBF-1120
PKC412, BIBF-1120

Sunitinib, sorafenib, imatinib

Sunitinib, sorafenib, imatinib

Crizotinib

Crizotinib, XL184, SU11274

CP-751,871, AMG479

Sunitinib, imatinib

Lestaurtinib, XL999
HL124

matinib
Lestaurtinib, INCBOL8424

KX2-391, dasatinib, AZDO530

58-590885, PLX-4032, RAF265, XL231
MK-5108 (VX-689)

Bl2536, GSK461304

Temsiralimus (CCI-779), BEZ235
BEZ235

Olaparib, MK-4827 (PARP inhibitors)

McDermott NEJM 2011




Hope In targeted treatments

Current main treatment modalities date to a time when the
mechanism of cancer was not known

* radical surgery: 1870s (Halsted)
* radiotherapy: about 1900 (Grubbe)
e cytotoxic chemotherapy: 1940s (Farber) t@“

* first oncogene (Src) discovered: 1970s (Bishop &
Varmus)

* first tumor suppressor gene (Rb): Knudson 1971 ff.

ONCT




Inefficacy of traditional trial designs

« Gold standard: phase Ill randomized controlled trial

« Meta analysis: 62% of phase lll trials in oncology failed
(Gan et al. INCI 2012)
« 253 trials, 2005-2009

“ These select 158 negative studies enrolled a
total of 100 275 patients, with the subset of
eight studies with statistically significant
detriment enrolling 5287 patients. “

 unselected population



Improvement in outcome for
lung cancer

A Mutations in adenocarcinoma

- NTRK1 1.7% RET 0-7%
ROS1 1-7% HER2 1-9%
30 1 RIT12-2%
= DDR2 2-9%
£ 251 NRG1 3-2%
E 1]
= 201 ALK 3-9% KRAS
2 25-5%
3 154 MET
ﬁ exon 14
a 10 4-2%
&
54 BRAF
L | 69%
Com ' Gefitin
h i 2009
) ErF NF1 ;\g_lg;ype J:pane:e
sc 8:1% EGFR-
M EGFR mutant
16-1% NSCLC

Rosell & Kt arac%}{gbel glﬁléé\,ltazto%%v Cancer 2010

41212019 | dkfz.




Selected populations do better

Response rate (meta-analysis)

No. Median Response
Variable of Arms Rate, % (95% Cl) P Value
Overall 351 6.56 (5.57-7.72) L
Used a personalized strategy
Yes 58 30.62 (25.0-36.90) —— <0012
No 293 4.89 (4.22-5.66) ]
Tumor type
Solid 272 4.25(3.48-5.19) = <0017
Hematologic 79 21.02 (17.0-25.71) ——
Agent class
Cytotoxic 117 4.72 (3.60-6.17) | 3 003
Targeted 234 7.84 (6.46-9.49) L
FDA/EMA approved
No 267 4.83 (4.04-5.76) =
<.0012
Yes 84 17.27 (13.60-21.69) —m—
No. of patients per arm
<30 182 7.67 (6.20-9.45) : 3 11
>30 169 5.94 (4.70-7.48) | 3
Administration route
Oral 162 7.23(5.68-9.16) : 2 a1
Systemic 189 6.32 (5.13-7.76) =
No. of treating centers
Single center 91 6.0 (4.3-8.2) L & 48
Multiple centers 260 6.8 (5.7-8.2) | 3

T T
10 20 30 40

Median Response Rate, %
(95% CI)

Schwaederle et al. JAMA Oncol 2016

e 346 trials 2011-2013
« ORR

not selected:
4.9%

selected: 30.6%

genomic
biomarker: 42%

protein
biomarker: 22.4%




Personalisierte Medizin




NCT MASTER
q“ IIPI" . Molecular Tumor Board

Translational
Oncology

Sequencing

facility, sample Pathology
processing lab

Wednesday 11.30 AM
Friday, 2:30 PM

Referring

Bioinformatics physicians

Medical
Genetics and
Counseling

4/212019 | dkfz.




Workflow and Current Results

Molecular tumor
board

Treatment

Sample assessment, M Molecular profiling Clinical interpreta- Validation of
Patient enrolment storage and and tion of immediately
processing bioinformatics molecular data actionable lesions
Goal: 28 days
Other
Lung_\
Gastric

Urogenital

Gynecologic
Sarcoma

Breast ___

Dermatologic

_
Hematologicy
Hepatobiliary

Pancreatic

Head and Neck o Colorectal

January 30, 2019

Molecular tumor board 1,382 patients
Management recommendation (Level 1-4) ~80%

Genomics-guided clinical management ~35%

Disease control rate (CR, PR, SD) ~40%

Progression-free survival ratio >1.3 ~45% (MOSCATO 01: 33%)

NCT/DKTK

\. Neuroendocrine MASTER

PISK-AKT-mTOR

RAF-MEK-ERK

Tyrosine Kinases

Cell Cycle

Dev. Pathways

DNA Damage

Immune Evasion

Sloyseg uolluaAialu|

courtesy of Stefan Frohling



NCT MASTER
Response to Genomics-Guided Treatment

Qe
3 ﬁﬂ;@ A

|||||

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

High-level amplification of chromosome 17q12, including ERBB2
* Outlier ERBB2 mRNA expression
* ERBB2 protein expression by immunohistochemistry (3+ according to ASCO guidelines)

Dual ERBB2 blockade:
trastuzumab/pertuzumab

>

Complete remission
(>12 months)

Czink et al., Z Gastroenterol 2016




NCT Evidenzbewertung

LoE Explanation

m1A Same entity Predictive value of the biomarker or clinical effectiveness of the corresponding drug in a
molecularly stratified cohort was demonstrated in a prospective study or a meta-analysis in the
same tumor type.

m1B Predictive value of the biomarker or clinical effectiveness of the drug in a molecularly stratified
cohort was demonstrated in a retrospective cohort or case-control study in the same tumor

type.

ml1C Case study or single unusual responder indicates the biomarker is associated with response
to the drug in the same tumor type.

m2A Different entity | Predictive value of the biomarker or clinical effectiveness of the corresponding drug in a
molecularly stratified cohort was demonstrated in a prospective study or a meta-analysis in a
different tumor type.

m2B Predictive value of the biomarker or clinical effectiveness of the drug in a molecularly stratified
cohort was demonstrated in a retrospective cohort or case-control study in a different tumor

type.

m2C Case study or single unusual responder indicates the biomarker is associated with response
to the drug in a different tumor type.

m3 Preclinical Preclinical data (in vitro, in vivo models or functional genomics studies) demonstrate that the
biomarker predicts response to a specific drug treatment, supported by scientific rationale.

m4 Biological Biological rationale that associates the biomarker with altered signaling pathway activity or
rationale drug sensitivity without direct clinical or preclinical evidence for response to the drug.

Additional |is several in situ data and studies on patient material (e.g. IHC, FISH) support the biomarker and the level of
Modifiers evidence.

iv in vitro data

Z Drug is approved for use with the specific biomarker (Z= EMA approval, Z(FDA)= FDA approval)

R Biomarker predicts resistance to the drug.
dkrz. CINCT
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Basket trials

PISK-AKT-mTOR

SoraTram
Sorafenib/trametinib in cancers with non-V600 BRAF mutations

NCT PMO-1604
Afatinib in NRG1-rearranged cancers

NCT/DKTK Cell Cycle NCT PMO-1601
MASTER Y Palbociclib in CDKN2A/B-deficient chordoma

RAF-MEK-ERK

Tyrosine Kinases

Dev. Pathways

NCT PMO-1603

DNA Damage Trabectedin/olaparib in DNA repair-deficient cancers

Cancer Core Europe Basket of Baskets

Il SR Atezolizumab in defined patient subsets

Eligibility

» Advanced-stage cancer

* Prior standard treatment Berlin M

« Actionable molecular alteration, as HHHHHHH
determined by analysis within Dresden B

NCT/DKTK MASTER
Frankfurt / Mainz

M Heidelberg
M Tubingen

dkfz =t D KTK German Cancer Freurg MMinchen [
® =n Consortium courtesy of Stefan Frohling



Konzept: Basket-Studien

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Disease-agnostic

dk‘fz. Tao et al. Ann Rev Med 2018 O NCT



Seltene Subgruppen: Pankreaskarzinom

KRAS mut KRASWT

Patient

FDCM

D= | ™| W o e

KRAS Frameehift indel
TP53

Mon-frameshift indel
COKN2A
COKNZB Stop gain
SMADS ||
B soice mutation

ARIDTA
COKG B Missense mutation
HDWEA .
KOMEE *  Gemmiine event
MET Single-copy deletion
ERBBZ2
PIH3CA
PIK3IR3 Gain

PRKACA
. Amplification
RET
NRGT B Fusion

ATM x
PALEZ
new | *

Common alterations in pancreatic can cer

. Homozygous deletion

Fudors

BRCAT
BRCAZ
CHEKZ
FANCA
HDAGZ
RADST
MLH3 I
ERCGC3
MRET1A

dku. Heining, Horak, Uhrig et al. Cancer Discov 2018 O NCT

Associated with DMA-repalr defects




Komplexe Biomarker

- ,.BRCAnNess". Defekte im Mechanismus der DNA-Reparatur
durch homologe Rekombination (HRD)
 Zuerste beschrieben in Patienten mit Mutationen in BRCAL/2
- hat synthetische Lethalitat bzgl. PAPR-Inhibitoren zur Folge
- Kennzeichen:
« Funktionsverlust von DNA-Reparatur-Genen

- hohe Anzahl genomischer Bruchpunkte, stark variierende
Kopienzahlen

« Mutationssignatur fur HR-Defizienz (COSMIC Signatur 3)

« Vorhersage des Ansprechens auf Immun-
Checkpointinhibitoren
« Gesamtmutationslast bzw. Neoepitop-Spektrum
« Expression van PD1, PDL1, CTLA4 (und/oder Amplifikation)
« Dekonvolution der Zelltypen in der Immun-Mikroumgebung



Zukunftige Entwicklungen

« Mehr klinische Studien in Erst- und Zweitlinie

» Resistenzen Uberwinden
- Kombinationstherapien
- mit intra-Tumor-Heterogenitat umgehen

- bessere Strategien zur Vorhersage wirksamer Interventionen (einschl.
epigenetischer Therapien und Immunonkologie)

 Verstehen der Interaktion von Tumorzellen mit dem
Immunsystem, Vorhersage des Ansprechens auf
Immuntherapien

 Translation der Erkenntnisse Uber Relevanz von
Veranderungen aul3erhalb kodierender Genombereiche (z.B.
Northcott et al., Nature 2014)



Zukunft der Prazisionsmedizin

« Bendtigt Daten von sehr grof3en Kollektiven (> 10.000)
« 2.B. ICGC-ARGO, 200.000 Patienten

» Bessere Erfassung der klinischen Daten (,Real World
Evidence®)
- Diagnose
- Pathologischer Befund
- Behandlung
- Nachverfolgung
- Lebensqualitat

 FUr zielgerichtete Therapien: Verfugbarkeit von
Medikamenten kritisch (— klinische Studien,
entitatsubergreifende Zulassung)

« Abrechnung der Diagnostik im Gesundheitssystem
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NCT/DKFZ

Translational Oncology

Christoph Heining, Stefan Groschel,
Hanno Glimm

Medical Oncology

Dirk Jager and Team

DKFZ-HIPO

NCT POP/DKFZ-HIPO

Sample Processing/Coordination
Christina Georg, Katrin Pflitze and Team,
Katja Oehme, Daniela Richter,

Karolin Willmund, Katja Beck

Board of Directors
Peter Lichter, Roland Eils,
Christof von Kalle
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Heidelberg University

Molecular Pathology
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Frankfurt/Mainz
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