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Survival after the Painting:

at least >2yrs. >30 yrs. 9 yrs.

Breast Cancer Survival in the Arts: 

Tumour Heterogeneity 1.0
R. Gross, Breast Cancer Res Treat 84: 293, 2004



- Homogeneicity of Signal Transduction across 

Anatomic Borders 

- Macro- and Micro-Heterogeneity of Tumours

Tumour Heterogeneity 2.0: 

Molecular Concepts
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Consequences of Molecular Research and 

Analyses in Oncology

• Heterogeneity of Previous “Entities”

(Examples: Breast Cancer, NSCLC, Colon 
Cancer, Stomach Cancer, Bile Duct 
Cancer)

• Identification of New “Entities” Based on 
Molecular Characteristics

• Biological Similarities Across Anatomic 
Borders According to Signaling Pathway 
Activation



Sorlie, T et al: PNAS 2001; 98:10869-10874

Breast Cancer is a Heterogeneous Group of Diseases

OS

DFS



Large Scale Screening for Somatic 

Mutations in Lung Cancer 

L. Barlesi et al.,  Lancet DOI: (10.1016/S0140-6736(15)01125-3) 



Gallengangscarcinom	

Identification of New Entities 

According to Molecular Characteristics

Agrin Moeini et al. Clin Cancer Res 2016;22:291-300

N.Y. Chia, P Tan, Ann. Oncol. 27:763, 2016

Bile Duct Cancer

Stomach Cancer



EGFR Colon, ENT, NSCLC

Her-2/neu Breast, Stomach, Bladder

ckit CML, GIST, Dermatofibrosarcoma

AKT NSCLC, NHL, 

Inflammatory Myofibroblastic Tumor

BRAF Melanoma, Colon, Thyroid, CCC

Examples for Biological Similarities 

Across Anatomical Borders with

Varying Biologic Importance





Individualized Medicine in 

Cancer Treatment: The Vision

Predicted poor or no 

response to drug

Increased likelihood of 

toxicity of drug

Predicted good response 

to drug



2017

Search of somatic gene alterations for actionable 

information has become routine practice in clinical 

oncology
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Colorectal cancer: Identifying Patient 

Benefit from anti-EGFR

De Roock, Lancet Oncology 2010



Actionable Targets in CRC



Nature MedicineVolume: 17,Pages:297–303Year published:(2011)



Scenarios of „Individualized“ Treatment

1. Drugable Target in a Defined Population 

with a Defined Disease 

(Abundant Examples) 

2.  Targeting One Defined Mutation Across 

Anatomic Borders

(Example: „BASKET Trial“)

3.  Moving Drugable Targets within an    

Individual Context Resulting in a Group 

Analysis according to Predefined 

Standards 

(Example: „EXACT Trial“)



Examples of Types of “Driver” Genomic 

Alterations Found in Cancer 

Meador C B et al. Clin Cancer Res 2014;20:2264-2275



Scenarios of „Individualized“ Treatment

1. Drugable Target in a Defined Population 

with a Defined Disease 

(Abundant Examples) 

2.  Targeting One Defined Mutation Across 

Anatomic Borders

(Example: „BASKET Trial“)

3.  Moving Drugable Targets within an    

Individual Context Resulting in a Group 
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Comparisons of PFS on Molecular Profiling 
Therapy vs. PFS on Prior Therapy for 
18 out of 66 Patients with a PFS ≥ 1.3.

von Hoff DD et al. JCO 2010;28:4877



The SHIVA Trial

1. Randomized Phase II Trial

2. Targeted Treatment vs. Physician Choice

3. Inclusion of 3 Molecular Pathways

(Hormone Receptors, PI3K/AKT/mTOR, RAF/MEK)

4.  10 Targeted Drugs

5.  Primary Endpoint: PFS

Christophe Le Tourneau et al., Lancet Oncol  , Volume 16, Issue 13, 2015, 1324–1334



C. Le Tourneau et al., The Lancet Oncology 2015 16, 1324-1334DOI: (10.1016/S1470-2045(15)00188-6) 

Molecularly Targeted Therapy Based on Tumour Molecular 
Profiling vs. Conventional Therapy for Advanced Cancer 

(SHIVA): a Randomised, Controlled Phase 2 Trial

Distribution of Molecular Alterations



SHIVA Phase 2 Trial: PFS

Christophe Le Tourneau et al., Lancet Oncol  , Volume 16, Issue 13, 2015, 1324–1334



SHIVA Trial: PFS in patients with molecular alterations in the 

hormone receptor pathway (A), PI3K/AKT/mTOR pathway (B), and 

RAF/MEK pathway (C).

Christophe Le Tourneau et al., Lancet Oncol  , Volume 16, Issue 13, 2015, 1324–1334



1. EXtended Analysis for Cancer Treatment (EXACT) -

controlled

2. Molecular Oncologic Diagnosis and Treatment Index     

(MONDTI) - observational

Gerald Prager, Robert Mader, Stefan Kubicek,

Leonhard Müllauer, Fritz Wrba and Christoph Zielinski 

• patients with an incurable malignant disease

• refractory to standard therapy acc. to guidelines (ESMO, 

NCCN)

• informed consent (“HUMPHREY”-based protocol for 

profiling)

• real-time biopsy

Precision Medicine Protocols in Oncology at the 

Comprehensive Cancer Center of Medical Univ. Vienna
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Patients and Diagnoses included in the MONDTI Protocol
NET 10 3,4%

adrenal 10 3,4%

cervical 8 2,7%

pleuramesothelioma 8 2,7%

thyroid 8 2,7%

soft tissue (sarcoma) 7 2,4%

breast 7 2,4%

gastric 7 2,4%

esophageal 6 2,0%

small intestines 5 1,7%

urothelial 4 1,3%

multiple myeloma 4 1,3%

N/A 4 1,3%

testis 4 1,3%

skin (non melanoma) 3 1,0%

NSCLC 3 1,0%

prostate 2 0,7%

GIST 2 0,7%

endometrial 2 0,7%

urachus 2 0,7%

melanoma 2 0,7%

hepatoid 1 0,3%

PECOM (renal) 1 0,3%

hematological 1 0,3%

appendix 1 0,3%

renal 1 0,3%

hemangioma 1 0,3%

adnexal 1 0,3%

vulva 1 0,3%

MPNST 1 0,3%



Variant Caller

Ion Reporter Software

Ingenuity Variant Analysis

FFPE / Native Tissue

Target Genes

AntibodiesMolecular Targets



Molecular Alterations found in the Performance of the 

Molecular Diagnostics and Treatment (MONDTI) Protocol, 

CCC - Medical Univ. Vienna

* Molecular Oncologic Diagnosis and Treatment Index



Distribution of the 

Amount of Detected 

Mutations
Results for 217 samples with 

≥1 mutation

MONDTI: Detected Mutations 
295 tumor samples, 

293 NGS results available.

76, 26%

102, 35%

64, 22%

33, 11%

14, 
5%

76, 26%

217, 74%

no mutation
detected

≥1 mutation
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160 therapy 

recommendations

81x targeting 1 genetic

alteration:

• 11x IHC +1
• 20x IHC +2
• 27x IHC +3

• 5x IHC (unspecified)
• 15x somatic

mutation
• 3x MSI-high

58x targeting 2 genetic alteration:

• 7x IHC (+1) + IHC (+1)
• 2x IHC (+1) + IHC (unspecified)
• 2x IHC (+1) + somatic mutation
• 1x IHC (+1) + FISH detected

alteration
• 1x IHC (+2) + IHC (+1)
• 2x IHC (+2) + IHC (+2)

• 6x IHC (+2) + IHC (unspecified)
• 2x IHC (+2) + somatic mutation

• 5x IHC (+3) + IHC (+1)
• 8x IHC (+3) + IHC (+2)
• 4x IHC (+3) + IHC (+3)

• 7x IHC (+3) + IHC (unspecified)
• 5x IHC (+3) + somatic mutation
• 1x IHC (+3) + FISH detected

alteration
• 1x IHC (unspecified) + IHC 

(unspecified)
• 2x IHC (unspecified) + somatic

mutation
• 1x IHC (unspecified) + FISH 

detected alteration
• 1x somatic mutations + somatic

mutation

20x targeting 3 genetic alteration:

• 1x IHC (+2) + IHC (+2) + IHC (+1) 
• 2x IHC (+3) + IHC (+2) + IHC (+1)
• 1x IHC (+3) + IHC (+2) + IHC (+2)
• 1x IHC (+3) + IHC (+3) + IHC (+2)
• 3x IHC (+3) + IHC (+2) + IHC 

(unspecified)
• 1x IHC (+2) + IHC (+1) + IHC 

(unspecified)
• 1x IHC (+2) + IHC (+2) + IHC 

(unspecified)
• 1x IHC (+1) + IHC (+1) + IHC 

(unspecified)
• 1x IHC (+3) + IHC (+1) + somatic

mutation
• 1x IHC (+2) + IHC (unspecified) + 

somatic mutation
• 1x IHC (+3) + IHC (unspecified) + 

somatic mutation
• 3x IHC (+2) + IHC (unspecified) + FISH 

detected alteration
• 1x IHC (+3) + IHC (unspecified) + FISH 

detected alteration
• 1x IHC (+2) + IHC (+1) + FISH detected

alteration
• 1x IHC (unspecified) + somatic

mutation + FISH detected alteration

1x targeting 4 genetic 

alterations:

1x IHC (+3) + IHC (+2) + 

IHC (unspecified) + FISH 

detected genetic 

alteration

Therapy Recommendations 



The Challenge of MONDTI
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days

Targeted Therapy: Progression-Free Survival

Disease Control (=SD, PR, CR), stopped 
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Progressive disease



days

Targeted Therapy: Best Response and PFS
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Stable Disease

Progressive disease



Differences vs. Other Analyses on 

Personalized Treatment

• difference re. disease distribution resulting in 

different outcomes

(e.g. ovarian, breast, renal cancers and

sarcomas)

• difference re. study set-up (e.g. time point of

personalized treatment)

J.J. Wheler et al., Cancer Res. 2016



Diagnosis Age 

(y)

Sex Target Drug Best 

Response*

PFS (m)

HCC 68 f EGFR o.e. Panitumumab S.D. 13  

Sertoli cell 

tumor

41 m EGFR o.e.

BRAF V600E

Cetuximab + 

Vemurafenib

S.D. 3.4

fibrolamellar 

HCC

30 m EGFR o.e.

PIK3CA mut

Cetuximab +

Afinitor

S.D. 18  

Hepatoides 

Karzinom

41 m EGFR Irinotecan + 

Cetuximab

P.R. 8.0  

CUP 52 f MET o.e.

PR 2+ (IHC)

Crizotinib +

tamoxifen

S.D. 4.2

anaplastic 

thyroid 

cancer

80 f BRAF V600E

MET o.e.

EFGR o.e.

Vemurafenib C.R. 12  

CCC 66 m EGFR Cetuximab S.D. 4.3

Gastric 64 m Her-2 o.e. Trastuzumab, 

Lapatinib

S.D. 16 

(ongoing)

SCLC 69 m EGFR exon 

19 del.

Afatinib P.R. 7 

(ongoing)* Response according to RECIST 1.1

EXACT: Examples



Challenges Posed by Individualized Medicine

• Common diseases are fragmenting 

– Every disease will be a molecular ‘orphan disease’

– But many diseases share similar molecular ‘faults’, and will 
have common therapies

• Small populations of available patients

– Trials have to find the ‘right’ patients

– Diagnostics need to be available

– Small safety datasets for approval

• Privacy and use of tumour samples / marker information

• The target keeps moving

– Multiple, interdependent molecular pathways and the escape 
routes

• Science moves much faster than clinical trials

– Trials slow, expensive, highly regulated, inflexible

• Often require large trials to find the small population who benefit

– Small studies in selected population may miss those who 
benefit



Benefit of Personalized Therapy 
Maria Schwaederle et al. JCO 2015;33:3817-3825



Further Development of Precision Medicine

• ASCO: Targeted Agent and Profiling Utilization 

Registry (TAPUR) – Molecular Data plus Clinical 

Outcomes in Cancer

• AACR: Genomics Evidence Neoplasia 

Information Exchange (GENIE) – Registry from 7 

Cancer –Research Centers

• Moffitt and Cancer Center, Tampa: Oncology 

Research Information Exchange Network 

(ORIEN) – similar to TAPUR and GENIE, yet 

clinical trial matching service



• Das Konzept über Entstehung und Entwicklung 

maligner Erkrankungen hat sich während des letzten 

Jahrzehnts radikal verändert.

• Molekulare Analysen von Tumoren haben nicht nur 

neue Targets und Therapieoptionen eröffnet, sondern 

auch zum Wandel des Konzepts von 

“Tumorentitäten” beigetragen.

• Erste Ergebnisse der Anwendung der 

Präzisionsmedizin in der Klink sind durchaus 

kontroversiell, und hängen vom Studiendesign ab.

• Die Ergebnisse des CCC Wien zur Präzisionsmedizin 

sind ermutigend und geben zur Entwicklung weiterer 

Studien Anlaß.

Präzisionsmedizin in der Klinik: Zusammenfassung


