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Präzisionsmedizin und 
Krebsbehandlung
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Hat Präzisionsonkologie einen 
Einfluß auf das Outcome?
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Präzisere Onkologie dringend notwendig

Spear et al, Clin Trends Mol Med, 2001 



Kosten unpräziser Therapien

Rituxan Herceptin GleevecAvastin

Taxotere

Revlimid

Alimta Gemzar Tarceva Femara

$3.059B $2.466B $1.526B $1.373B $1.285B

$1.042B $975M $723M $661M $650M

Erbitux LeuprolinVelcade Xeloda Arimidex

$646M $598M $508M $494M $483M

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

Responder $   Total Drug SalesNon-Responder



Outcome-Verbesserung der 
Präzisionsmedizin: Bsp. NSCLC

Pao W et al. Nat Rev Cancer 2010

?



Entwicklung der 
Krebsdiagnostik
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Genetische Driver ermöglichen 
Transformation/Progression

Healthy tissue

Polyp

Cancer

Metastasis



Proliferation macht Zellen 
vulnerabel

1016 cell divisions during life

Stars in our galaxy

100.000.000.000 (1011)



Krebs ist nicht gleich Krebs



Was bedeudet das? Bsp. 
BRAFV600E CRC

Von Cutsem et al., JCO 2018

BEACON: ORR 41 %, DCR 93 %



Es verfeinert die Therapie

Reck et al., The Lancet 2013



Limitation von Targeted Drugs

!



Tumor-agnostische Biomarker: 
NTRK-Fusionsgene

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



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

Tumor-agnostische Therapie: NTRK-Inhibitoren



Tumor-agnostischer Biomarker: MSI



Tumor-agnostische Therapie: MSI

Le DT et al. Science 2017



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

Tumor-agnostische Immuntherapie: MSI im CRC



Optimierung genetischer 
Diagnostik Liquid biopsy

• Screening/Early detection 

• Tumorheterogeneity

• Real-time Monitoring of 

treatment: Early 

monitoring 

resistance/response 

• Targeted therapy

Primary Tu Blood vessel

PB

Metastases



Kidess-Sigal E et al. Oncotarget. 2016

Optimierung genetischer 
Diagnostik Liquid biopsy



Liquid biopsy als Relapse-
Prädiktor beim CRC

Diehl et al. Nature Medicine 2008

Cell-free tumor DNA

CEA



Single patient indication infolge 
genetischer Profilierung



Genetic profiling-based 
treatment-selection

20DEUTSCHE GESELLSCHAFT FÜR PATHOLOGIE E.V.

Die Firmen

Entwicklung kommt aus den USA: 

Hier haben Firmen aufgrund der fehlenden flächendeckenden 
Infrastruktur in weiten Teilen der Krankenversorgung die 
Multigenanalytik in der Onkologie übernommen.  

Diese Firmen versuchen nun den europäischen Markt zu „erschließen“…

...and many more



Wie gut ist das?

Von Hoff et al, JCO 2010



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 Primärtumors (1,1 cm) -
Radiopeptidtherapie mit 90-Yttrium-DOTATOC-Therapie mit    
Gesamtaktivität von 17 GBq 02-10/09

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

Fall-Vignette Innsbruck



PD 13.04.2011

- 4x 177-Lutetium-DOTATATE-Therapie mit Gesamtaktivität von 28,7 

GBq 06/11-02/12

- Sandostatin i.m. Gaben im 4x wöchentlichen Intervall weiter

PD 12.11.2014

→ neue Leberherde + peritoneal: 

Histolog. Reevaluation: NET, Ki-67 15%



Start systemische Therapie mit Carboplatin AUC 2 und 

VP-16 100mg/qm 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





- 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“)
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of profil

e

d cases. Therefore, a pilot-study was conducted 

to analyze the effec t  of targeted therapy according to 

the molecular profile  of a metastatic tumor. In total, 86 

patients with differ ent  refractory metastatic cancers 

showed a response rate of 27% with a 30% prolonged 

PFS (ePFS > 1.3) compared with the PFS after previous 

treatment [6]. A further study investigated the survival 

benefit

 

of molecular characterization in 25 breast cancer 

patients with more than 3 prior treatment lines. In total, 

44% (n = 11) showed a PFS ratio of > 1.3 [7]. 

The firs t  randomized trial to investigate the value of 

treatment according to molecular profili ng was the SHIVA 

trial. This phase II trial enrolled 195 patients with any kind 

of metastatic tumors refractory to standard treatments and 

randomly assigned to treatment according to molecular 

profil

i

ng or physicians’ choice. Surprisingly, no advantage 

in terms of survival could be shown for patients treated 

with regimens based on molecular phenotyping [8]. The 

majority of treatment associations (74%) in this study was 

not based on clinical data but followed hypotheses based 

on preclinical data.

In the last few years so-called “basket” trials 

were designed to target patients with a specific genomic 

alteration independent of the histology-based diagnosis. 

A phase II trial investigated the effec t  of vemurafenib 

in BRAF-mutated non-melanoma tumors. The response 

rate was 42% and the median PFS was calculated at 7.3 

months. Interestingly, the activity was stronger in some 

entities, such as non-small cell lung cancer, but lower 

in others, such as ovarian or colorectal cancer [9]. It 

was shown later, that in colorectal cancer combination 

therapies of vemurafenib or dabrafenib with an EGFR 

directed monoclonal antibody [10] or with a MEK 

inhibitor [11] could successfully be used to treat patients 

with a BRAF mutation. These data show that the effec t  

of molecularly-based treatment allocation needs further 

refin

e

me nt . For this reason we established the “ONCO-

T-Profil

e

” project. The aim of this project is to treat 110 

patients with differ ent  refractory tumors according to 

their molecular profile  analyzed by methods such as next-

generation sequencing (NGS) or immunohistochemistry 

(IHC). Here, we present the data of the interim analysis. 

PATIENTS AND M ETHODS

The ONCO-T-PROFILE project

ONCO-T-PROFILE was initiated in March 2014 

at the Department of Haematology and Oncology of 

the Innsbruck Medical University. The aim is to treat 

110 patients with advanced solid tumors with no further 

standard antineoplastic treatment options available, in a 

personalized manner. Therefore, after obtaining informed 

consent, a mandatory biopsy or an archieved sample 

from the resection of the tumor is collected and sent to 

a certifie

d

 laboratory (Caris Life Sciences, Phoenix, 

AZ, USA) where multi-modal molecular profili ng is 

performed. After approximately two weeks, a detailed 

case report with illustration of mutations and potential 

targetable structures is sent back to the investigator site in 

Innsbruck, Austria. The results of this molecular profili ng 

are discussed among the treating physicians, Caris Life 

Sciences and an expert panel of the ONCO-T-PROFILE 

team. According to blood tests and performance status 

of the patient, a personalized therapy approach may be 

Figure 1: Consort diagram of the interim analysis of the ONCO-T-PROFILE project

Deep sequencing for 

treatment selection? 

Seeber et al, Genes & Cancer 2016
Seeber et al., unpublished
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D irect N G S  an alys is  w as  perform ed on  gen om ic 

D N A  is olated from  FFPE  tum or s am ples  us in g the 

MiSeq platform (Illumina, Inc., San Diego, CA). Specific 

region s  of 4 5  gen es  of the gen om e w ere am plified  us in g 

the T ruS eq A m plicon  C an cer Pan el (Illum in a, In c., S an  

D iego, C A ). M utation  an alys is  by S an ger s equen cin g 

included selected regions of BRAF, KRAS, cKIT, EGFR, 

an d PIK 3 C A  gen es  an d w as  perform ed by us in g M 13 -

lin ked PC R  prim ers  des ign ed to am plify target s equen ces . 

T he depth of coverage w as  > 1000X . D epth of coverage 

in  D N A  s equen cin g refers  to the n um ber of tim es  a 

nucleotide is read/analyzed during the sequencing process. 

C overage is  the average n um ber of reads  repres en tin g a 

given  n ucleotide in  the recon s tructed s equen ce. 100%  

of N G S  s am ples  w ere m icrodis s ected after pathologis t 

identific

a

tion of tumor cells.

Statistics

A ccordin g to the s tudy of V on  H off and col leagues 

[6 ] a PF S  ratio of ≥  1.3  is  w arran ted to dis p lay a clin ically 

relevant benefit of experimental therapy. Progression free 

s urvival ( =  PF S ) w as  define d as  tim e of treatm en t s tart 

to date of tum or progres s ion . T he PF S  ratio w as  define d 

as  PF S  un der m olecular guided therapy / previous  PF S  

on which patient progressed. To allow for benchmarking 

our results we decided on using the same threshold value 

defin

i

ng a positive outcome. 

RESULTS

Patient population

F rom  M arch 2 014 un til A pril 2 015 , 5 0 patien ts  w ith 

refractory s olid can cer w ere en rolled in  our O N C O -T -

PR O F IL E  project. A s  illus trated in  F igure 1, s o far, 19 

patien ts  w ere treated accordin g to m olecular profili ng. 

O n ly in  2  of 5 0 patien ts  (4% ) w e w ere n ot able to detect 

an y poten tial targetable alteration . T w en ty-n in e patien ts  

(5 8% ) are curren tly on  s tan dard therapy w ith already 

perform ed tum or profili ng that w ill allo w  a poten tial 

s w itch to experim en tal treatm en t if their perform an ce 

s tatus  an d blood tes ts  allo w . O f the 5 0 patien ts  en rolled 

w ithin  the O N C O -T -PR O F IL E  program  s o far, breas t 

can cer (n =  8, 16 % ) w as  the m o s t dom in an t tum or type, 

Figure 2: Progression-free survival comparison between the experimental treatment (ePFS; grey) according to 

molecular profili ng and the prior therapy (PFS; black) of the firs t 19 patients treated within the ONCO-T-PROFILE 

project.

R pts
with

target
lesion

Targeted drug

Physician‘s choice

Le Tourneau et al., Lancet Oncol 2015

p	=	0.0024,	HR	0.70	(95%	CI	0.55	– 0.89)

89.5	days

120	days



Was ist mit 

Keimbahnmutationen?

Vorab klären wie 

mit  genetischer 

Cancer 

Prädisposition 

umgegangen 

werden soll

HBOC

HNPCC (Lynch)

FAP

Cowden Syndrom

PJS

FJP….



Die vier Prinzipien der Medizinethik nach
Tom Beauchamp/James Childress

Autonomieprinzip
• Respekt vor der Selbstbestimmungsfähigkeit 
• Balancierte Aufklärung 
• Zustimmungsfähigkeit 
• Verständnis bringenden ÄrztIn–PatientInnen-Kommunikation
• Freiwilligkeit der Zustimmung – Aspekte der ÄrztIn–PatientInnen-

Beziehung 
• Recht auf „Nicht-Wissen“

Nicht-Schadens-Prinzip (primum nil nocere)
• Pflicht des Arztes, den PatietInnen nicht zu schaden
• Analyse und Kommunikation über die Nebenwirkungen der Therapie aber 

auch der Diagnostik in der Onkologie 
• Teilnahme an Klinischen Prüfungen



Wohltuns-Prinzip
• alles zu unternehmen, um zum Wohl des Patienten aktiv beizutragen
• Konflikt zur Frage der Entscheidung: gesundheitliches Wohl – umfassendes 

Wohl 
• Problem in der ÄrztIn–PatientInnen-Beziehung, am Beispiel des ärztlichen 

Paternalismus  
• Mögliche Spannung zw. Wohltunsprinzip und Autonomieprinzip

Gerechtigkeitsprinzip
• Gleiche Berücksichtigung der Interessen  - fairer Zugang zu mitunter teurer 

alternativer Krebs-Therapien und -Diagnostik

Die vier Prinzipien der Medizinethik nach
Tom Beauchamp/James Childress



• Realistische Darstellung der Möglichkeiten gezielter Therapie auf der Basis 
von tiefen Sequenzieranalysen

• Tragweite von evtl. Keimbahnbefunden/Notwendigkeit der 
Familienabklärung (Bsp: BRCAness, Lynch etc.) – hier Tragweite diskutieren

• Ausreichende Bedenkzeit bei Keimbahn-Prädispositionsabklärung (4 Wo)

• Probleme der Methodik besprechen (unklare Befunde, Klarheit versus 
Belastung erläutern), Tragweite besprechen

• Bei Tu-Profilierung:  limitierte Evidenzlage klar darstellen
„Machen“ ist nicht immer „Gutes tun“

• Vor allem bei austherapierten jungen Patienten sollte nicht zu viel 
Hoffnung geschürt werden 

Genomische Medizin:
Notwendigkeiten in der Artz-Patient-Beziehung



Realität der Präzisionsmedizin?

Marquart J et al. JAMA Oncol. 2018



Aber viel Hoffnung!

Sahin et al, Nature 2017



Und Forschung!

Lamprechts… Pircher et al, Nat Med 2018



Vielen Dank für Ihre 
Aufmerksamkeit!
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