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Abstract

Quantum computing harnesses quantum mechanical properties to tackle computationally intensive problems beyond classical
capabilities. This review explores its applications in respiratory medicine, where computational complexity has traditionally
limited progress. Quantum approaches show promise in enhancing lung cancer detection through neural networks that maintain
high accuracy while dramatically reducing parameter counts. Early quantum-optimized radiotherapy planning demonstrates faster
treatment planning with improved targeting precision. Despite encouraging developments, significant barriers remain, including
hardware limitations, integration challenges, and limited quantum computing expertise among healthcare professionals. This review
provides critical perspectives on how quantum computing might transform our understanding and treatment of lung diseases as the
technology evolves.
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Introduction

Quantum computing represents a fundamental shift from classical computation by utilizing qubits that can exist in multiple states
simultaneously through superposition and entanglement. These properties allow quantum systems to process information differently

than traditional computers, reshaping how we approach problems once considered computationally impossible [1].

Respiratory medicine presents compelling applications for quantum computing. The field generates massive volumes of complex data:
high-resolution medical images, genetic sequences, and detailed clinical records that frequently overwhelm traditional computational
approaches [2]. This challenge is particularly acute in lung diseases, where intricate structures and complex disease mechanisms create
computational hurdles [3].

The human cost of respiratory diseases underscores the importance of computational advances. COPD affects more than 250 million
people globally and claims approximately 3.2 million lives annually. Lung cancer remains among our deadliest malignancies, causing
1.8 million deaths each year [1]. Current computational tools for diagnosis and treatment have significant limitations that quantum
approaches might help overcome.
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Figure 1

Our review examines quantum computing applications in lung disease diagnosis, treatment planning, and drug discovery, evaluating
where quantum approaches offer genuine advantages over classical methods while acknowledging the substantial hurdles that still exist.
Rather than suggesting quantum computing will replace classical methods imminently, we chart a trajectory where hybrid approaches

gradually enable more quantum-centric solutions as the technology matures.

Quantum computing fundamentals for medical applications
Quantum systems and their medical relevance

Various quantum technologies offer different capabilities for medical applications. Superconducting qubits, like those in IBM’s quantum
processors, have been used to classify non-small-cell lung cancer subtypes with 95.24% accuracy [4]. Photonic quantum systems, which use
light particles to carry quantum information, have enabled lung cancer telemedicine systems with 96% fidelity in biosignal transmission
[5]. Quantum annealers, specialized for solving complex optimization problems, have been applied to radiotherapy planning, converging

46.6% faster than classical methods while maintaining plan quality [6].

These different quantum technologies represent fundamentally different approaches to medical problems, with superconducting
systems offering general-purpose capabilities, photonic systems excelling at secure communication, and quantum annealers optimized

for complex optimization challenges.

Quantum algorithms with medical applications

Several quantum algorithm families show promise for respiratory medicine. Variational Quantum Circuits (VQCs) combine quantum

and classical processing to detect COVID-19 from chest X-rays with 98.1% accuracy while reducing computational demands [7]. Quantum
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Figure 2

Neural Networks (QNNs) extend neural network concepts into quantum territory, classifying interstitial lung disease patterns with 99%
accuracy while requiring dramatically fewer parameters than classical deep learning models [8]. Quantum Machine Learning (QML)
leverages quantum phenomena for pattern recognition, successfully analyzing emphysema in a dataset of just 115 CT scans where

classical neural networks completely failed [9].

Figure 3

These quantum algorithms leverage superposition and entanglement to evaluate multiple potential solutions simultaneously-a
fundamentally different computational approach, particularly valuable for complex pattern recognition in medical imaging and navigating

vast chemical possibilities in drug discovery.
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Hybrid quantum-classical approaches in practice

Current quantum hardware limitations make hybrid approaches combining quantum and classical computation both practical and
necessary. Common strategies include using classical computing for data preprocessing and feature extraction, then applying quantum

processing for specific computational bottlenecks where it offers advantages.

Figure 4

One pattern divides work between classical feature extraction and quantum classification. Martis’s team used this approach for lung
cancer detection, with classical algorithms extracting key features from medical images and quantum circuits handling classification [10].
Another effective strategy uses classical data preparation followed by quantum optimization, as Pakela demonstrated in radiotherapy

planning.

These hybrid approaches aren’t merely temporary compromises but necessary steps toward more quantum-native solutions. As
quantum hardware advances, we'll likely see more fully quantum approaches emerge, though hybrid systems will remain important

transitional tools, especially in computationally demanding medical applications.

Applications in lung disease research
Enhanced disease detection and classification

Quantum computing shows promise in detecting and classifying lung conditions with improved accuracy and efficiency. For lung cancer
detection, Martis’s group created a hybrid quantum-classical system processing chest X-rays and CT scans with 92.12% overall accuracy
[10]. What stood out was efficiency: their quantum-enhanced model needed just 20,495 parameters versus 16.8 million in equivalent

classical models-a 99.8% reduction in model complexity, translating to 47% faster processing and 83% less energy consumption.

For COVID-19 detection, Rao., et al. developed a quantum-enhanced framework achieving 98.1% accuracy while effectively
distinguishing between viral pneumonia and COVID-19. For interstitial lung diseases, Pokhrel and Adhikari applied quantum neural

networks to classify patterns in CT scans, achieving 99% accuracy across five distinct patterns.
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Figure 5

Perhaps the most compelling evidence for quantum advantage comes from applications with very small datasets. Oviesi., et al
achieved a 59.9% F1-score for emphysema detection using only 115 CT scans, while classical CNNs completely failed with a 0% F1-score.
This suggests quantum approaches might be particularly valuable for rare conditions where large training datasets are impractical or

impossible to obtain.

Across these applications, quantum computing consistently demonstrates strengths in processing efficiency, parameter reduction, and

handling limited data-qualities that address key limitations in clinical implementation.

Treatment optimization

Quantum computing shows particular promise in treatment optimization for respiratory conditions. In radiation therapy planning for
lung cancer, Pakela developed Quantum Tunnel Annealing (QTA) that converged 46.6% faster than classical simulated annealing while
maintaining plan quality. This approach better handled respiratory motion during treatment planning, a particular challenge in lung

cancer radiotherapy.

For adaptive radiotherapy, which modifies treatment based on patient response, Niraula’s team implemented quantum deep
reinforcement learning that improved clinical decision-making by approximately 10% compared to standard approaches [11]. Their

system adapted better to changing patient conditions while balancing tumor control against healthy tissue sparing.

In treatment response prediction, Arachchi created “Fibro-QuanNet” to predict disease progression in pulmonary fibrosis, achieving
a mean absolute error of 212.31mL in forced vital capacity prediction, 18.9% better than classical approaches. This quantum model

effectively handled a small dataset (174 patients) and more accurately predicted treatment response.

These applications highlight quantum computing’s ability to navigate complex decision spaces efficiently, whether optimizing beam

angles in radiotherapy, adapting treatments to changing patient conditions, or predicting disease trajectories.
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Figure 6

Drug discovery for respiratory diseases

Drug discovery represents one of the most transformative potential applications for quantum computing in medicine. Finding and
optimizing new therapeutic compounds requires navigating vast chemical spaces that classical computers struggle to explore efficiently.
Vakili., et al. demonstrated this potential by using a Quantum Circuit Born Machine (QCBM) on IBM’s 16-qubit quantum computer to
discover novel KRAS inhibitors-molecules relevant to lung cancer treatment. Their approach identified two promising compounds with

significant activity against KRAS mutations common in lung cancer, generating viable molecules at higher rates than classical approaches.

Quantum computing’s multi-target optimization capabilities seem particularly valuable for respiratory drug discovery, where
diseases typically involve multiple pathways requiring therapeutic compounds that balance activity across several parameters. Quantum
approaches excel at simultaneously optimizing multiple properties-binding affinity, absorption, distribution, metabolism, excretion, and

toxicity profiles.

Quantum simulation of molecular interactions, while still nascent, points to another emerging capability with implications for
respiratory drug discovery. Eventually, quantum computers may model quantum mechanical interactions between drug candidates and

their targets more accurately than classical approximations allow.

Benefits and limitations
Current advantages of quantum approaches

Quantum computing offers several distinct advantages for lung disease research. Computational efficiency stands out, with quantum
approaches showing 47 - 83% reductions in processing time for image analysis [7,10] and 46.6% faster convergence in treatment
planning optimization [6]. Even more striking is the reduction in model complexity, with quantum models achieving comparable or better

performance while using up to 99.8% fewer parameters [8,10].

Performance with limited data emerges as another key advantage. Quantum machine learning models have shown remarkable
abilities to learn from restricted datasets, with successful pattern recognition from as few as 115 samples in cases where classical
methods completely failed [9]. This capability addresses a critical challenge in rare respiratory diseases and could enable more equitable

computational approaches.
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Novel solution space exploration constitutes a third advantage. Quantum algorithms explore solution spaces differently, leading to
discoveries like previously unexplored molecular structures for KRAS inhibition [12] and non-intuitive radiation beam configurations

[6,11] that might remain hidden to conventional methods.

Technical and implementation limitations

Despite promising results, several challenges restrict quantum computing’s broader application in respiratory medicine. Hardware
constraints present the most immediate limitation, with current quantum processors typically offering fewer than 100 usable qubits,

limiting problem complexity [4,7]. Short coherence times and high noise rates necessitate extensive error mitigation techniques [5,8].

Algorithm scalability poses additional challenges when moving from proof-of-concept to clinical-scale applications. A typical chest CT
scan contains 512x512x200 voxels, far exceeding what current quantum hardware can process directly [7,10]. Most implementations

operate on simplified or downsampled datasets, with limited validation on diverse clinical data.

Implementation barriers include restricted access to quantum computing resources, with commercial systems costing millions of
dollars. Surveys indicate only 9% of healthcare professionals understand basic quantum concepts [13], revealing a significant knowledge
gap. Regulatory considerations add complexity, with no established FDA guidance specifically addressing quantum-enhanced medical

algorithms.

These limitations should be viewed as developmental challenges rather than fundamental barriers. As quantum technology advances,

these constraints will gradually diminish, enabling broader applications in respiratory medicine.

Future outlook

The trajectory of quantum computing in lung disease research points toward a gradual but transformative integration with clinical
practice. Hybrid quantum-classical systems represent the most realistic near-term approach for introducing quantum computing into
respiratory medicine. Clinical decision support tools will likely lead implementation, with quantum-enhanced algorithms serving as
second opinion systems for radiologists, treatment planning assistants for radiation oncologists, and risk prediction tools for patient

stratification.

Drug discovery acceleration presents another promising near-term application, with quantum computing contributing to respiratory
drug development through virtual screening, lead optimization, and drug interaction prediction. Pharmaceutical companies have already
begun investing in quantum capabilities, with respiratory diseases representing a major focus due to their prevalence and unmet medical
needs. The ability to explore previously inaccessible regions of chemical space could unlock novel therapeutic approaches for conditions

like idiopathic pulmonary fibrosis and severe asthma.

As quantum hardware matures over the next decade, more ambitious applications will become feasible. These include personalized
“digital twins” of individual patient respiratory systems that could predict treatment responses with unprecedented accuracy, and
integration of quantum biosensors with quantum computing for novel diagnostic approaches that detect molecular-level changes in

breath analysis or blood biomarkers [14].

The path from theoretical advantage to clinical impact requires sustained collaboration between quantum scientists, medical
researchers, healthcare providers, and regulatory bodies. Educational initiatives must bridge the knowledge gap, ensuring healthcare
professionals understand both the potential and limitations of quantum approaches. Regulatory frameworks need development to

address the unique challenges of quantum-enhanced medical algorithms, including validation requirements and safety considerations.
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Looking toward the longer term, quantum computing may fundamentally reshape our approach to respiratory medicine. The
technology’s ability to simultaneously optimize multiple variables could enable truly personalized medicine, where treatment plans
account for individual genetic profiles, environmental factors, and disease progression patterns in ways currently impossible with
classical computation. Quantum simulation of biological processes might reveal new understanding of disease mechanisms, leading to

entirely novel therapeutic targets.

Conclusion

The evidence presented in this review demonstrates that quantum computing offers genuine advantages for certain aspects of lung
disease research, with particular strengths in computational efficiency, handling small datasets, and novel solution exploration. While
substantial challenges persist in hardware capabilities, algorithm scalability, and implementation barriers, the trajectory points toward

increasing clinical relevance as the technology matures.

However, realistic expectations remain crucial. Quantum computing will not replace classical approaches overnight, nor will it solve all
computational challenges in medicine. Instead, it represents a powerful complementary tool that excels in specific domains, particularly

those involving complex optimization, pattern recognition in limited datasets, and exploration of vast solution spaces.

For the millions of patients worldwide affected by respiratory diseases, quantum computing offers hope for improved diagnostic
accuracy, more effective treatments, and accelerated drug discovery. As we stand at the intersection of quantum physics and medicine, the
potential to transform outcomes for conditions affecting hundreds of millions globally represents both an extraordinary opportunity and

a profound responsibility for the scientific community.
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