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Unlocking the Quantum Future of Precision Medicine: Biomarker Discovery
in the Age of OML

The new generation of Quantum Machine Learning (QML) is reshaping how we
process complex biological data. As highlighted by Flother et al. (2025), QML offers the ability
to handle exponentially large data states, enabling deeper exploration of multi-omics datasets
such as genomics, proteomics, and metabolomics more efficiently. By mapping biological
features into quantum space, QML allows information processing that can reveal hidden
correlations among biomarkers, providing a foundation for next-generation precision medicine.

Recent studies have shown how QML can make real progress in precision medicine.
For example, Nguyen (2024) used a quantum neural network to find hidden gene patterns
linked to immune response, while Priyadharshini et al. (2025) applied a hybrid quantum—
classical approach to predict drug sensitivity from proteomics data. Both studies highlight that
quantum circuits can capture complex biological relationships better than traditional models,
showing how QML may help scientists uncover meaningful biomarkers and improve
personalized treatments..

Conceptually, a QML-based precision medicine workflow can be visualized step-by-step,
following the logic described by Flother et al. (2025):
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This workflow shows how quantum and classical methods can work together to make sense of
large, complex datasets in a way that would be difficult for traditional machine learning alone.

However, QML still faces several important challenges. Current quantum hardware is
affected by noise, has a limited number of qubits, and struggles to scale for very large datasets.
In addition, benchmarking against classical machine learning is inconsistent, and results can
vary across different quantum platforms. Adopting QML in clinical practice will take time,
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because its effectiveness in real-world digital health applications has not been consistently
proven (Gupta et al., 2025).

Despite these challenges, the potential of QML is very promising and increasingly
inevitable. As quantum hardware improves and hybrid quantum—classical methods develop,
QML could play a key role in discovering biomarkers, predicting drug responses, and
integrating multi-omics data. The field is gradually moving from theory to real-world
applications, paving the way for a quantum-powered future in precision medicine.
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