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Partners from Graz, Austria

CBmed

• Competence center for systematic medical biomarker research, brings together scientific 
experts with leading pharmaceutical, diagnostic, medical-technology and IT industry 
partners. Established 2014

• CBmed research projects will identify new biomarkers, validate potential biomarkers and 
conduct translational biomarker research

• Focus: Cancer, cardio-metabolic health

Medical University of Graz

• Public Medical School and research centre for Life Sciences

▪ IMI – Institute for Medical Informatics, Statistics and Documentation

KAGes

• Public Hospital Network, covering most of in-patient care in the Federal state of Styria 
(1.2M inhabitants)



Shareholders / Main Scientific Partners

Scientific Consortium Members



Main industry partners

> 50 international partners on 4 continents

Pharma 
Industry

Information 
Technology

Biotech 
Industry

Nutrition
& Probiotics

Diagnostic 
Industry
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Digital Biomarkers for Precision Medicine (DBM4PM)

• The primary goal of DBM4PM is to make clinical real-world data in hospitals 
available for a clinical and research use cases related to CBmed

• This requires extracting semantically explicit information from highly heterogeneous 
RWD sources, mostly low-structured

• “Digital biomarkers” – in our understanding: RWD (extracts) of various levels of 
structure and validity characterising patient phenotypes and health care processes 
and supporting the above use cases

• This requires the use and the construction of human language and semantic 
technologies and resources 

• In particular, in the co-operation with Roche, the NAVIFY use case will aim at 
processing data extracts from patient records to support Tumour Board processes



DBM4PM - Overview
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Core Semantic Technologies

• RESOURCES:
Terminologies / Ontologies / Information models
▪ Management (enhancement, 

mapping, localisation -> German)

▪ Representations, reasoning, semantic 
interoperability

• METHODS: Clinical NLP
e.g., term recognition / concept mapping:
assigning ontology IDs to one or more words within documents
▪ Procedure

▪ Condition

▪ Substance

Context recognition, relation extraction 

Multiple hierarchies in ontology allows for 
aggregating data along different axes and at different levels

• No official translations / interface 
vocabularies for important terminology 
standards (SNOMED CT, LOINC)



Core Semantic Technologies

• METHODS (continued): Clinical NLP
Information extraction: filling of a template with

▪ NER e.g. de-identification of clinical narratives

▪ a small set of pre-defined values, e.g.

− TNM codes

− Smoking status

− Radiation yes / no

▪ numeric values

− Tumour volume 

− Date of 1st diagnosis

− Date of surgery

• Rule-based
Knowledge Engineering Approach
Top Down

• Model-based
Data Driven Approach 
Bottom Up 

• Terminology resources
Term matching 

• No „open“  annotated German clinical corpora like for 
English (MIMIC III, n2c2, TREC challenges ) 



Named entity recognition
Example: De-identification



Smoking Status 
Examples



Smoking Status 
Annotation example

NLP pipeline output
Clinical information model, 
e.g. based on FHIR 
resources*

*   Philipp Daumke, Kai U. Heitmann, Simone Heckmann, Catalina Martínez-Costa, Stefan Schulz. Clinical Text Mining on FHIR. MEDINFO 2019



pTNM
Entity examples



pTNM
Automatic annotation in the narrative

NAVIFY Data Dictionary
• pTNM

SNOMED CT



Resources
Terminologies

• Bottleneck: German language

▪ SNOMED CT introduced in Austria, but no official German translation

• SNOMED CT Interface Terminology: work in progress at MUG-IMI

▪ Combination of automated and manual term translation

▪ Currently 5 Million term candidates, scored

363410008       0.071   482620011_000001         Malignant tumor of sigmoid colon        bösartiger Tumor des Colon sigmoideum
363410008       0.069   482620011_000002         Malignant tumor of sigmoid colon        Malignom des Colon sigmoideum
363410008       0.062   3288335015_000006       Sigmoid colon cancer    Sigmakarzinom
363410008       0.056   3288335015_000002       Sigmoid colon cancer    Colon sigmoideum Karzinom
363410008       0.056   3288335015_000001       Sigmoid colon cancer    Colon sigmoideum Krebs
363410008       0.031   3288335015_000004       Sigmoid colon cancer    Sigmoidkarzinom
363410008       0.031   3288335015_000005       Sigmoid colon cancer    Sigmakrebs
363410008       0.000   3288335015_000003       Sigmoid colon cancer    Sigmoidkrebs



Concept mapping
SNOMED CT 



Resources
Existing corpora / gold standards, currently available

• De-identified annotated corpora

▪ Clinical problem lists annotated with ICD codes (~ 1,7 M unique entries)

▪ ~ 3500 reports annotated with inflammation / neoplasm (pathology)

▪ ~ 400 discharge summaries annotated with medication information (dermatology)

• Non-annotated corpora

▪ KAGes non-de-identified texts (millions)

▪ De-identified KAGes dumps for experiments

− ~ 32000 discharge summaries (cardiology)

− ~ 1300 discharge summaries (dermatology)

− ~ 13000 discharge summaries (colon cancer)

▪ Wikipedia extracts



Example: machine learning resource acquisition

• Resource: millions of short problem list entries from HIS, 
partly annotated with administrative codes (ICD-10)

map

• German ICD terms and synonyms
• English ICD terms and synonyms
• Wikipedia pages (via ICD codes)

map Machine learning:
• Lexicon acquisition
• Word sense 

disambiguation



NLP Pipeline

• De-identified, semantically 
standardised  
interoperable 
(“FAIR”) data extracts

• Open Clinical Information  
MODELS (FHIR)

• Open data warehouses 
(OMOP)
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LOINC
ICD
FHIR

OMOP
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NAVIFY Data
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File Readers Document Zoning
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Detection
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…

Tableau, Pentaho, 

Spotfire, Qlikview

Reader

NAVIFY

DB Readers

…

…



Evaluation

• Integration aspects
▪ NAVIFY

▪ On-premise

▪ Cloud-based (AWS)

▪ Clinical NLP as a service

• Real time constraints
▪ Documents / minute

• Scale out
▪ Apache Spark (Amazon EMR)

• NLP quality
▪ Gold standards

▪ F-measure

• Terminologies / Ontologies

• Internal reports / Steering committee
• Publications
• Quality assured prototypes
• Science vs. Engineering
• General show cases
• NAVIFY show cases



Deliverables
Overview

WP-0 Project Management

WP-1 Data Platforms / Management



Deliverables
Overview

WP-2 Documentation and Communication Ontologies and Standards

WP-3 Natural Language Processing



Deliverables
Overview

WP-4 Terminology Management

WP-5 Manual Data Curation



Financial
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