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Summary

Medical decision-making is based on numerous types of knowledge about patients, diseases, pharmacology and
the effects of interventions. Due in particular to advances in the molecular life sciences, the basis of this knowl-
edge is growing faster than ever. At the same time, the extremely high dimensionality of molecular data makes the
derivation of robust findings from limited sample numbers difficult, leading to a flood of publications with weak
empirical evidence. This, in turn, challenges clinicians in their need to quickly find the most relevant facts for a
given case. Modern computer-based technologies for extracting, aggregating and organizing knowledge, ranging
from ontologies for structured knowledge codification to text mining algorithms for automatic extraction of findings
and machine-learning based medical decision support, are expected to help cope with this challenge. Using precision
oncology as an example for personalized medicine, this paper discusses recent advances in the (semi-) automatic ex-
traction of clinically relevant findings from textual sources, their organization in knowledge bases, and their usage in
medical decision support systems. We also describe requirements to accelerate the development of such technologies
in Germany, especially when it comes to highly important medical documentation.

Zusammenfassung

Medizinische Entscheidungen beruhen auf einer Vielfalt an Wissen iiber Patienten, Krankheiten, Pharmakologie
und den Auswirkungen von Behandlungen. Insbesondere durch die Fortschritte in den molekularen Biowissenschat-
ten wéchst die Wissensbasis schneller denn je. Gleichzeitig erschwert die extrem hohe Dimensionalitit molekula-
rer Daten die Ableitung robuster Erkenntnisse aus begrenzten Fallzahlen, was zu einer Fiille an Publikationen mit
schwacher empirischer Evidenz fiihrt. Dies wiederum fordert Mediziner heraus, schnell die relevantesten Fakten fiir
einen bestimmten Patientenfall zu finden. Moderne computergestiitzte Technologien zur Gewinnung, Zusammenle-
gung und Organisation von Wissen sollen helfen, diese Herausforderung zu bewiltigen. Diese Technologien reichen
von Ontologien fiir eine strukturierte Wissenskodifizierung iiber Text-Mining-Algorithmen zur automatischen Ge-
winnung von Ergebnissen bis hin zu maschinellem Lernen fiir die Unterstiitzung von medizinischer Entscheidungs-
findung. Anhand der Prizisionsonkologie als Beispiel der personalisierten Medizin zeigt dieser Beitrag die jiingsten
Fortschritte bei der (halb-)automatischen Gewinnung klinisch relevanter Ergebnisse aus Textquellen, die Organisa-
tion dieser Ergebnisse in Wissensdatenbanken und ihre Verwendung als Unterstiitzungssysteme bei der medizinische
Entscheidungsfindung. Dariiber hinaus stellen wir die Voraussetzungen fiir eine beschleunigte Entwicklung solcher
Technologien in Deutschland dar, insbesondere wenn es sich dabei um duBerst wichtige medizinische Unterlagen
handelt.
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Introduction

Medicine is and has always been a knowledge-intensive science. When judging upon a pa-
tient’s case, clinicians need to consider an intimidating amount of knowledge, including the
detailed characterization of the patient, her history and family background, knowledge on
disease etiology and phenotypes, the impact of possible (and approved) interventions, issues
regarding the patient’s quality of life and suitability of measures etc. The recent advances in
the molecular life sciences have contributed another level of detail, making available infor-
mation on thousands of genes, their function and interplay, and known implications of their
inherited or acquired mutations on disease progression. Keeping pace with this enormous
flood of information is a serious challenge for current medicine (HEy and KESSELHEIM 2016).

Molecular technologies produce measurements of the state of different molecules in a
sample, such as the genome or transcriptome of a biopsy of a patient. Large studies, both
preclinical and clinical, are required to condense such data into context-specific information,
such as the overexpression of a certain gene under certain circumstances, and, eventually,
into clinically relevant knowledge, such as the suitability of a treatment in a disease state as
measured by a certain gene signature. The primary way of communicating such knowledge
is natural language text — in the form of scientific publications, textbooks, clinical guidelines,
case reports, medical documentation, discharge summaries etc. Given a clinical decision that
needs to go beyond standard procedures, clinicians must search the most relevant texts, ex-
tract the relevant facts by reading, and assess their importance for the given case using per-
sonal experience and by comparing to results reported in other texts.

However, as the amount of potentially relevant published text is growing at an exponen-
tial scale!, performing this step in a comprehensive manner becomes more and more difficult
given the tense time constraints found in practice. The question arises how computer technol-
ogy can help practitioners to find relevant information faster.

Extracting and Organizing Knowledge from Scientific Articles

Research in the (semi-)automatic extraction of facts from natural language text, summarized
under the term “text mining”, has seen on enormous growth over the last decades. In medi-
cine, text mining can, for instance, be used to find relevant articles faster (SEva et al. 2019),
to automatically prepare digests of large text collections (WEI et al. 2019), or to support the
creation of expert-curated knowledge bases (LEVER et al. 2019). In the following, we describe
applications of text mining in the field of precision oncology, before we give a short account
on the current state of the art.

An important branch of current oncological research is concerned with the impact of
somatic variations on disease formation, progression, therapy, and outcome (GAGAN and
VAN ALLEN 2015). A famous example with approved therapeutic implications are EGFR
mutations in colon and lung cancer (SESHACHARYULU et al. 2012). A range of similar but
not yet broadly confirmed relationships between individual mutations and certain drugs are
currently studied in clinical practice (LAMPING et al. 2020). The basis of these findings are
numerous international trials investigating the associations between genomic features and

1 See, for instance, PubMed growth statistics at https://www.nlm.nih.gov/bsd/stats/cit_added.html
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diseases. Therapeutic decisions are increasingly dependent on access to comprehensive
knowledge bases that extract and organize large collections of such associations in the
form of Variant Information Systems (VIS, STARLINGER et al. 2018), a process illustrated
in Fig. 1.

Biomedical Text Mining (BTM) can speed up and improve the creation and mainte-
nance of such VIS considerably. To this end, typical BTM workflows process very large
text collections (e.g. all PubMed abstracts) to find putatively relevant findings, which are
subsequently aggregated into oncological knowledge and presented to experts for inclu-
sion in a VIS. The three main steps in such workflows are (1) Named Entity Recognition
(Hagisr et al. 2017) concerned with finding textual mentions of genomic variants, genes,
cancer types, drugs etc., (2) Named Entity Normalization (LEAMAN and Lu 2016) which
assigns discovered mentions to unique biological entities, such as standardized gene and
drug names, and (3) Relationship Extraction (WEBER et al. 2020) for identifying the seman-
tic relationships between those entities, such as the association of a mutation to a drug or
of a drug to a cancer type.

Recent progress in these fields has been significant, boosting extraction accuracies for
many cases into the 80% — 95% range. Extraction at that quality applied over large text
collections can bring an enormous help for clinical practice. However, it is also important
to keep in mind that BTM is not yet at a state where human judgement of extracted findings
would be superfluous. For instance, a BTM process as described above would not be able to
differentiate between the values of a mutation-drug association resulting from a large clini-
cal trial, one found in single case report, or one found by in-vitro experiments with a small
number of cancer cell lines. Further research on such problems is necessary, for instance to
cope with conflicting results from different studies or to adequately consider the strength of
empirical evidences.

uogeynyy
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Fig. 1 Information on the role of mutations in specific types of cancer must be extracted from the literature and put
into structured format for consideration in clinical decision support.
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Supporting Medical Decision-Making

The most important application of BTM in clinical oncology is the support of therapeutic
decisions in cases outside the guidelines, which often are taken by Molecular Tumor Boards
(MTB). The preparation of individual patients for MTB meetings currently takes up to sev-
eral hours, which are spent in searching publication databases, querying VIS, reading papers
and database entries, judging upon the strength of the underlying evidences, and preparing
an integrated report as basis for a rational decision. Several projects are ongoing to support
this process by BTM to reduce preparation times and to improve the quality of decisions by
making more relevant information available faster’. For instance, we recently performed a
study comparing the content of five large curated variant-level knowledge bases for precision
oncology, showing that using at least three of them significantly improves the recall of a
search compared to using any single one (PALLARZ et al. 2019). A similar analysis is described
in (PERERA-BEL et al. 2018), which also presents a software for generating integrated reports
given the mutation signature of a patient. (WAGNER et al. 2020) present a graphical user inter-
face for intuitive browsing expert-curated information from multiple VIS.

Extracting Knowledge from Medical Reports in Germany

Access to comprehensive, integrated VIS can offer substantial support for clinical deci-
sion-making when the individual genome of a patient is to be taken into account. However,
they inherently provide only a very narrow view on patients, i.e., their mutational signa-
tures. Evidently, the utility of decision support systems could be improved considerably when
also other patient information would be integrated, such as demographic information, family
history, previous treatments, or clinical markers. Several clinics in Germany currently are
building up clinical data warchouses (CDW) to provide such data fast and at high quality,
but still very often it is available only in the form of medical reports®. It is thus a natural idea
to develop BTM solutions also for medical text, as a complement to BTM on scientific text.
However, the situation in BTM on German medical text is much worse than for English
(STARLINGER et al. 2016). The main reason is that all state-of-the-art methods for BTM are
based on machine learning and must be trained on large, language- and domain-specific an-
notated text collections, also called Gold Standard Corpora (GSC). Over the last two decades,
the international research community has created dozens of such GSC for various tasks for
English scientific texts, and large corpora also are freely available for English medical text
(JoHnsoN et al. 2016). However, currently not a single such GSC exists for German medical
text (HAHN et al. 2018). This not only means that the best current BTM algorithms are not
usable, but also that different methods cannot be compared to each other in a systematic man-
ner.* Many English GSC have been created in the course of international BTM competitions,
which boosted the performance of methods enormously. Such competitions are also emerging

2 See, for instance, the BMBF initiative id:SEM: https://www.gesundheitsforschung-bmbf.de/de/i-dsem-integrative-
datensemantik-in-der-systemmedizin-3367.php

3 Note that any CDW faces the problem of integrating the Millions of treatments that were handled prior to building
the system — which are available only in textual form.

4 Several companies offer solutions for German medical BTM, but the quality of their tools cannot be compared in
an unbiased manner due to the lack of German GSC.
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for other western languages, like French or Spanish, but none for German. This also hinders
the development of other important applications of BTM on medial reports, such as systems
for automatically quality controlling medical accounting systems, e.g. DRG codes, or quality
assurance of treatments by controlling compliance to predefined clinical pathways.

There are multiple reasons for this situation (STARLINGER et al. 2016). Undoubtedly, the
most important one is data protection regulations. Medical reports, in principle, can be shared
publically after complete anonymization. However, there exists no common understanding or
clear guidelines what a “complete anonymization” of a medical report implies, and different
data protection authorities in different federal states and different organizations tend to com-
municate very different points-of-view on this subject (DIERKS and ROSSNAGEL 2020). This
creates a situation in which none of the actors dares to share such data, which severely hinders
research progress in German BTM.

Conclusions

Biomedical text mining and knowledge management has great potential to improve medi-
cal treatments. The potential is the larger, the more precise characterizations of patients and
treatments are available and actually taken into account i.e., in precision medicine. While
research in obtaining such information semi-automatically from English texts is well de-
veloped, our abilities to analyse German medical text are still very limited. German clinics
currently trail far behind in their means to exploit the wealth of medical knowledge buried
in their EHR systems, so to change this situation it is of utmost importance to define safe
and reliable ways of exchanging carefully selected, carefully anonymized, and carefully
annotated medical text corpora. The availability of such corpora would quickly lead to the
free availability of high-quality BTM tools, especially because it would open the door for
the large German communities of Computational Linguistics and Artificial Intelligence to
work on such problems.
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