Opening the Personal Gate between Technology and Health Care 2399
M. Giacomini et al. (Eds.)

© 2026 The Authors.

This article is published online with Open Access by 10S Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/SHTI260700

Findings from the PM4Onco Workshop on
Determining Patient Similarity Search
Strategies for Personalized Therapy in Mo-
lecular Tumor Boards

Iryna MANUILOVA®!, Annemarie B. WEISE ® Julia FOLWARK ?, Sonja HIEMER?®,
Susann SCHULZEP, Manuela BENARY®, Arsenij USTJIANZEW¢Y, Cosima
STRANTZS, Philipp UNBERATHY, Silke D. WERLES?, Benedikt Brors", Jan CHRIS-
TOPH ?¢
4 Junior Research Group (Bio-)Medical Data Science, Faculty of Medicine, Martin-Lu-
ther-University Halle-Wittenberg, Halle (Saale), Germany
b Krukenberg Cancer Center Halle (Saale), Halle (Saale), Germany
¢ Charité Comprehensive Cancer Center, Charité-Universitdtsmedizin Berlin, Corpo-
rate Member of Freie Universitdt Berlin and Humboldt-Universitct zu Berlin, Berlin,
Germany
4 Institute of Medical Biostatistics, Epidemiology and Informatics (IMBEI), University
Medical Center of the Johannes Gutenberg-University Mainz, Mainz, Germany
¢ Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Institute for Medical Informa-
tics, Biometrics and Epidemiology, Medical Informatics, Erlangen, Germany
I Medical Center for Information and Communication Technology, Universitcitsklini-
kum Erlangen, Friedrich-Alexander-Universitdt Erlangen-Niirnberg, Erlangen, Ger-
many
& Institute of Medical Systems Biology, Ulm University, Ulm, Germany
 Division Applied Bioinformatics, German Cancer Research Center (DKFZ), Heidel-
berg, Germany

ORCiD ID: Iryna Manuilova 0009-0005-8821-1471, Annemarie B.Weise 0009-0003-
6925-5941, Julia Folwark 0009-0006-2092-7964, Sonja Hiemer 0009-0004-2886-9485,
Susann Schulze 0000-0002-3856-7956, Manuela Benary 0000-0002-3067-2030, Ar-
senij Ustjanzew 0000-0002-1014-4521, Cosima Strantz 0009-0007-3980-8233, Phillip
Unberath 0000-0002-1269-9360, Silke D. Werle 0000-0002-5153-0269, Benedikt
Brors 0000-0001-5940-3101, Jan Christoph 0000-0003-4369-3591

Abstract. The PM4Onco project advances precision oncology by developing ana-
lytical and visual methods to support data-driven therapy decisions in Molecular
Tumor Boards (MTBs). An interdisciplinary workshop at Martin Luther University
Halle-Wittenberg in March 2025 explored strategies for defining and integrating
patient similarity into MTB workflows. Using a synthetic oncology dataset, partici-
pants with clinical and data science backgrounds defined similarity criteria and
structured search strategies for patient similarity. The workshop outcomes provide
structured decision frameworks that operationalize patient similarity reasoning in a
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reproducible manner. Their implementation supports transparent and evidence-
based analysis, fostering integration between algorithmic modeling and clinical ex-
pertise.
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1. Introduction

The PM4Onco project advances precision oncology by developing computational meth-
ods that support data-driven therapy decisions. Within this framework, the Patient Simi-
larity (PatSim) task develops analytical and visual approaches to identify clinically com-
parable patients and to integrate similarity reasoning into the Molecular Tumor Board
(MTB) workflow. While MTBs translate molecular and clinical data into personalized
therapy recommendations, discussions often remain case-specific [1]. PatSim addresses
this limitation by linking prior therapeutic experiences to current cases, bridging clinical
expertise and algorithmic reasoning. An interdisciplinary workshop, building on the
frameworks proposed in [2] and [3], explored these concepts. This manuscript summa-
rizes the workshop outcomes and outlines foundations for integrating PatSim into MTBs.

2. Methods

An interdisciplinary workshop involving 17 clinicians, bioinformaticians, and data sci-
entists from 13 German institutions to define domain-specific reasoning patterns for
PatSim and translate them into methodological strategies for algorithmic development.
The workshop comprised two phases. In Phase 1 (Exploratory Similarity Assessment),
participants independently identified the five most similar patients to a given index case
from 20 synthetic profiles without predefined criteria followed by group discussions to
compare disciplinary reasoning approaches. As supportive background material, partic-
ipants were provided with previously defined example groupings based on common sim-
ilarity metrics (e.g., Euclidean, Cosine, Jaccard, and Gower), which served as contextual
reference but were not applied as decision rules. In Phase 2 (Conceptual Strategy Devel-
opment), mixed-discipline teams developed structured search strategies and flowcharts
outlining hierarchical decision pathways for PatSim determination. They distinguished
core determinants from contextual modifiers and formalized logical dependencies be-
tween parameters. Each workflow was applied to a cBioPortal-generated dataset [4].

3. Results
3.1. Conceptual and Hierarchical Structure of Similarity Criteria

Participants established a hierarchical conceptual framework for defining PatSim within
the MTB context, integrating biological mechanisms, clinical context, and translational
applicability according to therapeutic relevance. This led to the following concept: At its
core, molecular alterations anchor the similarity assessment. Precise nucleotide- and
amino acid-level annotation ensures mechanistic validity, as distinct variants can differ-
ently affect protein structure, signaling, and therapy response. This precision supports
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variant-specific drug approvals and sequence-based models. Pathogenicity classification
using databases such as ClinVar and COSMIC [5] further distinguishes actionable from
uncertain variants. The tumor entity sets biological and regulatory boundaries. As the
oncogenic effect of a mutation depends on cellular context, co-mutations, and the tumor
microenvironment, evidence from the same histologic type is more reliable than cross-
entity comparisons. Finally, the clinical context includes prior therapies, resistance
mechanisms, and disease stage. These factors reshape the tumor’s molecular profile
through therapeutic pressure and clonal evolution, linking molecular data to dynamic
patient trajectories and ensuring that computational similarity reflects therapeutic rele-
vance.

3.2. Methodological Orientations in Similarity Assessment

Within this hierarchical framework, three methodological orientations emerged, repre-
senting a distinct analytical perspective and weightings of molecular, clinical, and sys-
temic similarity (Figure 1).

1. Mutation-Centered Precision emphasizes variant-level specificity and mechanistic re-
producibility, prioritizing exact nucleotide or amino acid substitutions and pathogenic
classification aligned with regulatory logic linking targeted therapies to defined muta-
tions. Computationally, it applies high-resolution similarity metrics based on sequence
identity or mutational distance.

Approach 1: Approach 2:
Mutation-Centered Treatment-Oriented
Precision M
Anchor,
Entity Filter

Clinical Classification, TNM

Contextual
Refinements,
Resistance

CNVs, Pathways,
Mutational Signatures

Approach 3: Bicinformatics-Driven Hybrid

Figure 1. Comparative perspectives of methodological orientations in MTB similarity assessment.

2. Treatment-Oriented Approach extends similarity assessment beyond genomic identity
toward therapeutic comparability. It defines similarity through shared treatment trajec-
tories, disease stage, and acquired resistance mechanisms. By capturing therapy-driven
tumor evolution, this approach emphasizes pragmatic comparability over molecular
identity and embeds similarity modeling in real-world clinical decision-making.

3. Bioinformatics-Driven Hybrid Approach integrates molecular, clinical information
within a unified computational framework. Moving beyond single variants, it includes
copy-number changes, mutational signatures, and pathway-level dysregulations to cap-
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ture network-level biological coherence. PatSim here emerges from functionally compa-
rable molecular networks and signaling cascades, refined by comorbidities and physio-

logical parameters. This model bridges molecular precision with systemic coherence.

3.3. Integration of Patient Similarity into MTB Decision Logic
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Figure 2. Conceptual decision workflow for therapy recommendations in the MTB use case, including
molecular profiling, tumor-type filtering, and similarity analysis. In cases of incomplete data, patho-
genicity assessment and literature review complement expert evaluation.

Based on the workshop findings, we defined a decision logic integrating PatSim reason-
ing into the MTB process (Figure 2). The workflow includes:

1. Extraction and annotation of molecular alterations define the core feature space.

2. Pathogenicity verification using reference databases to retain actionable variants.

3. Tumor-entity filtering to ensure biologically coherent comparisons.

4. Retrieval of precedent cases and literature evidence linking molecular similarity to
therapeutic outcomes.

5. Evidence grading to quantify the strength of correspondence.

6. Clinical contextualization to align similarity with the individual patient trajectory.

4. Discussion and Conclusions

PatSim is often treated as a computational task in which features are empirically
weighted and operationalized as numerical distance in a feature space. In oncology, al-
gorithmic patient matching has mainly been discussed in terms of data availability and
methodological challenges [6, 7]. By contrast, our framework embeds semantic and clin-
ical logic into similarity assessment, prioritizing interpretability and clinician reasoning.
Accordingly, participants applied a semantic hierarchy, recognizing molecular altera-
tions as anchors. Biologically, this reflects the role of driver mutations as key determi-
nants of disease behavior. Clinically, the tumor entity defines similarity. For instance,
identical mutation in lung and breast cancer rarely implies comparable treatment rele-
vance [8]. Therefore, computational PatSim framework must account for these nested
dependencies to remain consistent with clinical reasoning. The workshop revealed three
complementary orientations: mutation-centered precision, clinical-treatment focus, and
bioinformatics-driven hybrid modeling. Together, they outline a multiscale perspective
of precision oncology, spanning variant, pathway, and patient levels. Recognizing this
complementarity is crucial for designing PatSim systems that are mechanistically faithful
and clinically usable. PatSim cannot be reduced to algorithmic output alone. Computa-
tional similarity without interpretability risks irrelevance, while clinical intuition without
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formalization lacks reproducibility. Hence effective PatSim requires bidirectional trans-
lation between clinical reasoning and algorithmic logic. The established six-step work-
flow captures the logic of translational oncology, from data extraction to clinical contex-
tualization. Several limitations must be considered. The use of synthetic oncology data
enabled controlled analysis but cannot reflect the heterogeneity of real-world MTB data.
Synthetic datasets may also introduce implicit biases into similarity reasoning. In addi-
tion, the workshop-based consensus reflects expert judgment shaped by specific institu-
tional and disciplinary practices. These factors may limit the generalizability of the pro-
posed approach and indicate the need for validation using real-world patient data. Nev-
ertheless, the framework makes similarity reasoning in MTB discussions explicit and
reproducible, supporting transparency and consistency while preserving clinical judg-
ment. In practical MTB settings, the workflow could serve as a basis for semi-automatic
preselection of comparable patient cases. The six steps define explicit criteria and deci-
sion points for systematic filtering, while final interpretation and decision-making re-
main under clinician control. Validation could be performed using retrospective MTB
cases to assess whether the workflow improves consistency and transparency of case
selection. Overall, the framework provides a structured basis for integrating computa-
tional support into MTBs while complementing clinical expertise.
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