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Prazisionsmedizin und
Krebsbehandlung

42
%%

2
00
J‘Q‘?f%
R

%
D p
. %.

as a single cell and grows into
a merciless disease that claims more than half
a million Americans a year. But scientists are

steadily unlocking its mysteries, and the fight
against it may now have reached a turning point.
New discoveries promise better therapies and

1994

THERE IS NEW AMMUNITION
IN THE WAR AGAINST

GANGER.

THESE ARE THE BULLETS.

Revolutionary new pills like GLEEVEC
combat cancer by targeting only the
diseased cells. Is this the breakthrough
we've been waiting for?
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Hat Prazisionsonkologie einen
EinfluR auf das Outcome?
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Prazisere Onkologie dringend notwendig
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PERCENTAGE OF THE PATIENT POPULATION FOR WHICH
A PARTICULAR DRUG IS INEFFECTIVE, ON AVERAGE

ANTI-DEPRESSANTS 38% mmww
(SSRIis)

ASTHMA DRUGS 40% MMM
DIABETES DRUGS 43% MMM
ARTHRITIS DRUGS 50% mmm
ALZHEIMER'S DRUGS 70% mm
CANCER DRUGS 75% m

Spear et al, Clin Trends Mol Med, 2001




Kosten unpraziser Therapien

Rituxan

------

__ $3.0598B L $2.4668B

Taxotere Alimta

.-$1.042B

|
Erbitux
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Herceptin Revlimid Gleevec

L. $1.526B L. $1.373B L..$1.285B
Gemzar Tarceva Femara

- L $661M L $650M
Xeloda Arimidex Leuprolin

$ Total Drug Sales

Market and Product Forecasts: Top 20 Oncology Therapy Brands. DataMonitor, 2011.



Outcome-Verbesserung der
Prazisionsmedizin: Bsp. NSCLC
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Combination Platinum Platinum Gefitinib Erlotinib Gefitinib
chemotherapy doublets doublets and (2009) (2009) (2009)
(1976) (2002) bevacizumab East Asian, Spanish Japanese
SCLC and NSCLC (2006) never or EGFR- EGFR-
NSCLC Non-squamous light smoker mutant mutant
NSCLC NSCLC NSCLC NSCLC

Pao W et al. Nat Rev Cancer 2010



Entwicklung der
Krebsdiagnostik
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Genetische Driver ermoglichen
Transformation/Progression
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Proliferation macht Zellen
vulnerabel
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Stars in our galaxy
'100.000.000.000 (10




Krebs ist nicht gleich Krebs

38KRAS 4:
LK, ROS, RET, TRK
47 KRAS 5 BRAF T SSSSSSS
ALTERATIONS ALTERATIONS

2 AR Y s 3 Msthigh
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Was bedeudet das? Bsp.
BRAFV600E CRC
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1001 B 1 Previous Regimen (n=15)
801 B 2 Previous Regimens (n=13)
60
40+

Best % Change From Baseline

—100+

26 01 17 02 16 05 12 04 06 13 28 25124 23 271091022121 15 19 20 18 07 14*08 03 11*
Patients

mCRC=metastatic colorectal cancer.

Excludes 1 patient with BRAF" mutation who did not have a posthaseline measurement.

*Patients with Ilymph node disease in short axis dimensions consistent with RECIST version 1.1—defined complets response.
TPatients had unconfirmed partial response.

BEACON: ORR 41 %, DCR 93 %

Von Cutsem et al., JCO 2018



Es verfeinert die Therapie
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Today (2013) Targets today Targets in the future
EGFR ALK ROS1 ’ *
KRAS BRAF  HER2  RET DDR2  MET
and others and others
2008 Adenocarcinoma Large-cell carcinoma Squamous cell carcinoma
'~ 2000 Non-small-cell Iung cancer Small-cell lung cancer

TURATRIL S
TYTHAL

b "}

1990 Lung cancer ‘ ' ' *T '
g 't'f't ity b Ty

f

Adenocarcinoma ? Large-cell carcinoma
Adenocarcinoma and treatable oncogenic alterations with approved

Small-cell lung cancer
drugs (EGFR mutation and ALK translocation)

Reck et al.,

’ Squamous cell carcinoma without oncogenic alteration

* Squamous cell carcinoma with oncogenic alteration

The Lancet 2013



Limitation von Targeted Drugs

0.4+

Probability of Progression-free
Survival
o
T

Platinum—pemetrexed

Osimevlini

Osimertinib
Platinum-pemetrexed

P<0.001

0.2
0.0 -
0 3
No. at Risk
Osimertinib 279 240
Platinum-— 140 93

pemetrexed

162
44
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Median
No. of Progression-free
Patients Survival
mo (95% Cl)

279 10.1 (8.3-12.3)
140 4.4 (4.2-5.6)

Hazard ratio for disease progression
or death, 0.30 (95% Cl, 0.23-0.41)



Tumor-agnostische Biomarker:
NTRK-Fusionsgene
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Cancers enriched Mu!'imcen
for TRK fusions 7 “Q
@ Frequency >90% / ®——1—High-grade glioma
\ |
Cancers harbouring TRK / P
0 { aediatric cancers
fusions at lower frequencies MASC——1+— @ { oo
® 5% to 25% Lo % Head and neck cancer
® <5% Thyroid Py ] f &—‘.leqh ~grade glioma
< " Segi s —
cances 2 s
Sarcoma /
," Acute lymphoblastic \
Lung cancer T — =g leukavmia, acute == | Papitlary
Breast cancer 1 myeloid leukaemia, " @——>~=——"thyroid cancer
1] histiocytosis, multiple \
Secretory breast carcinoma | L,\ ° / myeloma and dendritic | '|
Gastrointestinal | f ‘]\—“ -9 cell neoplasms Secretory breast
stromal tumour I T St < | ® | carcinoma
n-negative) / re enulse | AN /
{pa ) f ‘{ f o carcinoma | \‘/; Infantilo
Cholangiocarci ; | N\ +—— fhbrosarcoma
Cholangiocarcinoma t / Panvcreatic cances [ | e .
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\ mixed congenital
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Colorectal cancer /| \

Cocco E et al. Nat Rev Clin Oncol. 2018 Dec;15(12):731-747.
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Tumor-agnostische Therapie: NTRK-Inhibitoren

! Thyroid tumor | Soft-tissue sarcoma Appendix tumor [l Salivary-gland tumor
M Colon tumor W Lung tumor W IFS M Cholangiocarcinoma
50_93.2 B Melanoma W GIST M Breast tumor B Pancreatic tumor
40
304

Maximum Change in Tumor Size (%)
g
1

-100-

Drilon A et al. N Engl J Med. 2018 Feb 22;378(8):731-739.



Tumor-agnostischer Biomarker: MSI
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Liquid Tumors
Melanoma and Lung Cancers

Pediatric Tumors

Sporadic Adult Solid Tumors

Mutagen Associated tumors

Mismatch repair tumors

0 500 1000 1500 2000

Mutations per tumor



Tumor-agnostische Therapie: MSI

% Change from Baseline SLD

(JRARRRRRRED

Ampulla of Vater
Cholangiocarcinoma
Colorectal
Endometrial cancer
Gastroesophageal
Neuroendocrine
QOsteosarcoma
Pancreas

Prostate

Small Intestine
Thyroid

Unknown Primary
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Le DT et al. Science 2017



Tumor-agnostische Immuntherapie: MSI im CRC

Nivo+ Ipi L1

Nivolumab +

Nivolumab'

Nivo+ Ipi L1

Nivolumab +
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Nivolumab

9-mo rate (95% Cl), % |

12-mo rate (95% Cl], %

77 (62.0-87.2)

77 (62.0-87.2)

ipilimumab

76 (67.0, 82.7) | 54 [41.5,64.5]

71(614,78.7)

wde~ Nivolumab + Ipillmumab L1
¢+~ Nivolumab + ipilimumab

== Nivolumab

2

£ 100
s 97
.% 80 3
£ 707
' 60 4
§ 0
T 409
S 303
@ 204
2 10 4
3
o

No. at Risk

| |9-mo rate (85% CI), %

89 (74.9-95.1)

ipilimumab

87 (80.0, 92.2)

78 [66.2, 85.7]

50 [38.1, 61.4)

12-mo rate (95% CI), %

83(67.6-91.7)

85(77.0,90.2)

73 [61.5,82.1]

F T T FrT Ty I Ty Iy rrIyrrrrrrrrrrrrrri

0 3 6 9

Nivolumab + Ipilimumab 118 95 85 78
Nivolumab 74 48 a1 32

12 15 18
Months

39 12 1"

17 12 12

21 24 27
10 3 0
1 6 3

30

0
0

[0 o i e o

100
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£ 0
E 70 =
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& 54
3
0 40 -
B 301
@ 20 4 v~ Nivolumab + Iplliimumab L1
6 =dy=Nlvolumab + ipilimumab
10 1] =O=Nivolumab
0 3 6 9 12
118 113 107 104 78
74 64 5% 55 37

15 18 21
Months

33 19 17
21 19 17

7 30 33
0 0 0
6 1 0

Combination therapy provided improved long-term clinical benefit relative to monotherapy during a similar follow-up perioda=f

Lenz HJ et al. LBA 18, ESMO 2018; Taieb J PD ESMO 2018



MEDIZINISCHE UNIVERSITAT

INNSBRUCK

UNIVERSITATSKLINIKEN

Optimierung genetischer
Diagnostik Liquid biopsy
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§ « Screening/Early detection
e * Tumorheterogeneity
o 4 + Real-time Monitoring of
3
O .
2 treatment: Early
| monitoring
2 / v ; resistance/response
Q. / " Marker ¥
8" 24,
a « Targeted therapy

Primary Tu Blood vessel



Optimierung genetischer
Diagnostik Liquid biopsy
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E TAILORED PATIENT D Standard Treatment
TREATM for Patient Cohort
L L
Plasma DNA Multiplex OnTarget
Extraction  Extraction PCR scapa < Dvveheng i Autyes

@ © [

Kidess-Sigal E et al. Oncotarget. 2016




Liquid biopsy als Relapse-

Pradiktor beim CRC

Cell-free tumor DNA

CEA

Recurrence-free survival (%)

Recurrence-free survival (%)

100 A AL )
| wde. Undetectable ctDNA
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L
60
40 Lo X
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[ F 3-q
20 bia
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Diehl et al
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. Nature Medicine 2008
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Single patient indication infolge
genetischer Profilierung

C A l { I : ;"' SNA Protein
DA, NUE % Fusions & Varnant Transcripts Immungahistochemistry
“opy Number Variants

LIFE SCIENCES CGP+ = Standard of Care 4 Clinical Trial Biomarkers
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VOLUME 28 - NUMBER 33 - NOVEMBER 20 2010

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Pilot Study Using Molecular Profiling of Patients’ Tumors
to Find Potential Targets and Select Treatments for Their

Refractory Cancers

Daniel D. Von Hoff, Joseph ]. Stephenson Jr, Peter Rosen, David M. Loesch, Mitesh ]. Borad, Stephen Anthony,
Gayle Jameson, Susan Brown, Nina Cantafio, Donald A. Richards, Tom R. Fitch, Ernesto Wasserman,
Cristian Fernandez, Sylvan Green,{ William Sutherland, Michael Bittner, Arlet Alarcon, David Mallery, and
Robert Penny



Genetic profiling-based
treatment-selection
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FOUNDATION

PNCARIS e Qenomic Health
)

LIFE SCIENCES LIFE, CHANGING

myriad. -

WHEN E(‘IQ ONS MATTER \\
5\

GUARDANT HEALTH



Wie gut ist das?

INCREASED CLINICAL BENEFIT

27.

of patients (18/66)
showed a PFS ratio greater
than 1.3x their previous

round of therapy (p=0.007)'
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INCREASED OVERALL SURVIVAL

All Study Study Participants Who Benefited from
PARTICIPANTS' MOLECULAR PROFILING'

Q_D Méws %ﬁ?
NI

AV

Von Hoff et al, JCO 2010



Fall-Vignette Innsbruck

INNERE MEDIZIN
Ham:

Hochdifferenziertes NET des Rectums, Ki-67= 1%, ED 05/08,
UICC Stadium IV mit SSTR pos. mult. Lebermetastasen

ECOG PS= 0, keine wesentlichen Vorerkrankungen

Initiales therapeutisches Procedere:

Z.n. endoskopischer Entfernung des Primartumors (1,1 cm) -
Radiopeptidtherapie mit 90-Yttrium-DOTATOC-Therapie mit
Gesamtaktivitat von 17 GBg 02-10/09

Sandostatin (Octreotid) i.m. Gaben im 4x wochentlichen
Intervall

atologie und Onkologie
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PD 13.04.2011
- 4x 177-Lutetium-DOTATATE-Therapie mit Gesamtaktivitat von 28,7

GBqg 06/11-02/12
- Sandostatin i.m. Gaben im 4x wochentlichen Intervall weiter

PD 12.11.2014
- heue Leberherde + peritoneal:
Histolog. Reevaluation: NET, Ki-67 15%

> “'""”.- - D a:.,,_ﬁ. .
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Start systemische Therapie mit Carboplatin AUC 2 und
VP-16 100mg/gm d1-3, 3 Zyklen (12/14-01/15)

PD hepatisch 09.02.2015
- Erneute Re-Evaluierung: NEC, Ki67: 20% (!!!)

Einschluss in das ONCO-T-PROFIL Programm 02/15

amatologie und Onkologie
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MI PROFILE

FINAL REPORT
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CARIS

LIFE 53CIENCES

PATIENT

Sex: Male

Case Number: THN15-105530
Diagnosis: Meuroendocrine carcinoma,
MOS

THER

abarelix, degarelix,
goserelin,
leuprolide,
triptorelin

Androgen

Receptor*

abiraterone,
bicalutamide,
enzalutamide,
flutamide

Androgen

Receptor*

capecitabine, TS*
fluorouracil,
permetrexed

SPECIMEN INFORMATION

ORDERED BY

Primary Tumeor Site: Rectum, MOS
Specimen Site: Rectum, MNOS
Specimen ID: HI-15-0002274-1 4
Specimen Collected: 19-Feb-2015
Completion of Testing: 07-May-2015

Heinz Zwierzina, MD
University Hospital Innsbruck
Anichstrasse 35

Innsbruck 6020

4351250424003

1APIES WITH POTENTIAL BENEFIT (PAGE 5)
carboplatin, ERCC gemcitabine REM1™
cisplatin, oxaliplatin
irinoecan, TOPOHN
doxorubicin, PGP, TOP2A, topotecan
epirubicin,
liposomal-
doxorubicin

# Indicates Clinical Trial Opportunity « 53 Chemotherapy Trials « 3 Targeted Therapy Trials (See Clinical Trials Connecror™ an page 8 for details.)

THERAPIES

ado-trastuzumakb Her2/Meu
emtansing (T-
DM1), pertuzumab,

trastuzurmnakb

anastrozole, PR, ER
exemestans,
fulvestrant,

dabrafenib, BRAF
vemurafenib

dacarbazine, MGMT
remazolomide

WITH POTENTIAL LACK OF BENEFIT (FAG

docetaxel, TUBE3, TLE3
nab-paclitaxel,

paclitaxel

lapatinib Her2/Meu

SKLINIKEN

EDIZIN
und Onkologie
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- Start FOLFIRI nach Profil ab 02/15
- Restaging nach 2 Zyklen (06.05.15): PR
- Restaging nach 4 Zyklen (21.07.15): SD
- Restaging nach 6 Zyklen (11.09.15): SD

- Start Erhaltungstherapie mit Enzalutamid und Goserelin ab
11/15 (ab 02/16 Stopp Enzalutamid, Goserelin weiter)

PD 21.07.2016: Knochen, Leber, Peritoneal, Weichteil
Auswertung:

PFS1: 70 Tage (last therapy: ,standard®)
PFS2: 488 Tage (,experimental therapy®)



Deep sequencing for
treatment selection?
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Seeber et al, Genes & Cancer 2016
Seeber et al., unpublished
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Le Tourneau et al., Lancet Oncol 2015



Was ist mit

Keimbahnmutationen?
HBOC
HNPCC (Lynch)
FAP
Cowden Syndrom
PJS
FJP....
Keimbahn, hereditar somatisch, erworben
Umfassende Beratung Aufklarung

Vorab klaren wie
mit genetischer
Cancer
T Pradisposition
@ { umgegangen

— werden soll




Die vier Prinzipien der Medizinethik nach
Tom Beauchamp/James Childress
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Autonomieprinzip

Respekt vor der Selbstbestimmungsfahigkeit

Balancierte Aufklarung

Zustimmungsfahigkeit

Verstindnis bringenden Arztin—Patientinnen-Kommunikation

Freiwilligkeit der Zustimmung — Aspekte der Arztin—Patientinnen-
Beziehung

Recht auf , Nicht-Wissen”

Nicht-Schadens-Prinzip (primum nil nocere)

Pflicht des Arztes, den Patietinnen nicht zu schaden

Analyse und Kommunikation tber die Nebenwirkungen der Therapie aber
auch der Diagnostik in der Onkologie

Teilnahme an Klinischen Prifungen
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Die vier Prinzipien der Medizinethik nach
Tom Beauchamp/James Childress
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Wohltuns-Prinzip
* alles zu unternehmen, um zum Wohl des Patienten aktiv beizutragen

* Konflikt zur Frage der Entscheidung: gesundheitliches Wohl — umfassendes
Wohl

* Problem in der Arztin—Patientinnen-Beziehung, am Beispiel des arztlichen
Paternalismus

 Mogliche Spannung zw. Wohltunsprinzip und Autonomieprinzip

Gerechtigkeitsprinzip

* Gleiche Berlicksichtigung der Interessen - fairer Zugang zu mitunter teurer
alternativer Krebs-Therapien und -Diagnostik
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Genomische Medizin:
Notwendigkeiten in der Artz-Patient-Beziehung
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* Realistische Darstellung der Moglichkeiten gezielter Therapie auf der Basis
von tiefen Sequenzieranalysen

* Tragweite von evtl. Keimbahnbefunden/Notwendigkeit der
Familienabklarung (Bsp: BRCAness, Lynch etc.) — hier Tragweite diskutieren

* Ausreichende Bedenkzeit bei Keimbahn-Pradispositionsabklarung (4 Wo)

* Probleme der Methodik besprechen (unklare Befunde, Klarheit versus
Belastung erlautern), Tragweite besprechen

e Bei Tu-Profilierung: limitierte Evidenzlage klar darstellen
,Machen“ ist nicht immer , Gutes tun”

e Vor allem bei austherapierten jungen Patienten sollte nicht zu viel
Hoffnung geschiirt werden



Realitat der Prazisionsmedizin?

El Genomically targeted eligible 2018

Percentage

100+

60+

40+

20+

e ARSI SRS 10-
-:| Ehgible
(8.33%)

Not
eligible

(91.67%)

All

Patients

Percentage

Eligible

Enasidenib (0.19%)

Dabrafenib and Trametinib
(0.43%)

Midostaurin (0.19%)
Crizotinib (0.43%)

- Crizotinib, Ceritinib, Alectinib,

Brigatinib (0.97%)
Trastuzumab (0.78%)

_ Vemurafenib, Dabrafenib,

Trametinib, Cobimetinib (0.70%)

Erlotinib, Afatinib, Gefitinib,
Osimertinib (3.22%)

Trastuzumab, Lapatinib,
Pertuzumab, Ado-Trastuzumab
(1.19%)

Imatinib (0.06%)

— Imatinib, Dasatinib, Nilotinib,

Ponatinib, Bosutinib (0.18%)
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Marquart J et al. JAMA Oncol. 2018



Aber viel Hoffnung!

LETTER

doi:10.1038/nature23003

Personalized RNA mutanome vaccines mobilize

poly-specific therapeutic immunity against cancer

Ugur Sahin"?3, Evelyna Derhovanessian', Matthias Miller!, Bjorn-Philipp Kloke!, Petra Simon!, Martin Lower?, Valesca Bukur"?,

Arbel D. Tadmor?, Ulrich Luxemburger!, Barbara Schrors?, Tana Omokoko!, Mathias Vormehr"?, Christian Albrecht?,

Anna Paruzynski', Andreas N. Kuhn!, Janina Buck’, Sandra Heesch!, Katharina H. Schreeb!, Felicitas Miiller!, Inga Ortseifer!,
Isabel Vogler!, Eva Godehardt, Sebastian Attig>?, Richard Rae?, Andrea Breitkreuz!, Claudia Tolliver!, Martin Suchan?,
Goran Martic?, Alexander Hohberger?, Patrick Sorn?, Jan Diekmann', Janko Ciesla*, Olga Waksmann*,

Alexandra-Kemmer Briick!, Meike Witt', Martina Zillgen', Andree Rothermel?, Barbara Kasemann?, David Langer’,
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