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Abstract: The use of quantum computing1 in healthcare represents a significant shift with the potential to 

revolutionize medical research, diagnostics, and treatment. Quantum computing can process and analyze 

large datasets much faster than classical computing, offering new opportunities in healthcare. This paper 

examines the various ways quantum computing can be applied in healthcare, such as in drug discovery, 

genetic research, personalized medicine, and complex disease modeling. By using quantum algorithms, 

researchers can identify new treatment targets and simulate the effects of drugs on human biology in ways 

that were previously impossible, which can reduce the time and cost of bringing new drugs to market. 

Quantum computing also allows for analyzing large genomic datasets2, which can help tailor treatments to 

individual genetic profiles. Additionally, this technology helps in modeling complex biological systems and 

disease processes, providing insights into the mechanisms of diseases at a molecular level and enabling the 

development of more effective treatments. However, integrating quantum computing into healthcare comes 

with challenges such as technical limitations, the need for specialized expertise, data security concerns, and 

ethical considerations. This paper provides a comprehensive overview of the potential applications of 

quantum computing in healthcare, addresses the associated challenges, and discusses the future directions 

of this growing field, emphasizing the importance of interdisciplinary collaboration in fully utilizing 

quantum technologies in medicine. In recent years, quantum computing has rapidly advanced and attracted 

significant interest from academia and industry due to its unique ability to process information differently, 

resulting in previously unattainable computational capabilities. Despite its potential, the full impact of 

quantum computing on healthcare has not been thoroughly explored. This survey paper provides a 

systematic analysis of quantum computing's various capabilities in improving healthcare systems, focusing 

on its potential to transform compute-intensive healthcare tasks such as drug discovery, personalized 

medicine, DNA sequencing4, medical imaging5, and operational optimization. Through a comprehensive 

review of existing literature, we have developed taxonomies6 covering different aspects, including 

background and enabling technologies, applications, requirements, architectures, security, open issues, and 

future research directions, offering a comprehensive view of the quantum computing paradigm for 

healthcare. Our survey aims to assist new and experienced researchers in quantum computing and 

healthcare by helping them comprehend the current research landscape, identify potential opportunities 

and challenges, and make informed decisions when developing new architectures and applications for 

quantum computing in healthcare 

 

Keywords: quantum computing, genomic databases, data security, DNA sequencing, medical imaging, 

taxonomies. 

 

I. INTRODUCTION 

What is Quantum Computing? 

Quantum Computing (QC) is highly suitable for many compute-intensive healthcare applications [1]. This is especially 

true in the current highly connected digital healthcare paradigm of the Internet of Things (IoT) [2,3]. The IoT 

encompasses interconnected medical devices, such as medical sensors, which can be connected to the Internet or the 

cloud. With the massive increase in computational capacity, quantum computers have the potential to enable 

fundamental breakthroughs in the healthcare industry. Moving from bits to qubits, quantum computing can 

revolutionize healthcare pharmaceutical research [4].Quantum computing is a type of computing that takes advantage 

of quantum-mechanical phenomena, such as superposition and entanglement, to perform operations on data. Unlike 
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classical computing, which uses bits as the smallest unit of information (with each bit being a 1 or a 0), quantum 

computing uses quantum bits, or qubits, which can represent and store information in a combination of 0 and 1 

simultaneously, thanks to superposition. This capability allows quantum computers to process a vast amount of 

possibilities all at once. Entanglement, another quantum phenomenon, allows qubits that are entangled to be in a 

correlated state, meaning the state of one (whether it's a 1 or a 0) can depend on the state of another, even over long 

distances. This property can be used to perform complex calculations more efficiently than classical computers, 

particularly for certain types of tasks such as factoring large numbers, simulating quantum physical processes, 

optimizing large complex systems, and more. Quantum services are also currently being offered via the cloud; it is 

important to acknowledge and mitigate the various security risks that emerge from using cloud services, especially 

when quantum machine learning services are being offered via the cloud [5]. 

Quantum computing holds the promise to revolutionize various fields by providing solutions to problems that are 

currently intractable for classical computers. However, as of my last update in April 2023, the technology is still in the 

early stages of development, and practical, widely accessible quantum computers are yet to be realized. Scientists and 

engineers are working on overcoming significant challenges, including error rates and qubit coherence times, to bring 

quantum computing into mainstream use. 

 

Overview of the potential applications of quantum computing in healthcare: 

Quantum computing has the potential to revolutionize healthcare by processing vast amounts of data and solving 

complex problems much faster than classical computers. Here's an overview of its potential applications: 

1. Drug Discovery and Development: Quantum computers can simulate molecular interactions with unparalleled 

accuracy, accelerating the process of drug discovery by identifying potential compounds and their effects on 

biological systems. This can lead to the development of more effective drugs with fewer side effects. 

2. Genomics and Personalized Medicine: Quantum computing can analyze large genomic datasets to identify 

genetic factors contributing to diseases and tailor treatments based on individual patient profiles. This could 

lead to more precise diagnoses, personalized treatment plans, and better outcomes for patients. 

3. Optimization of Healthcare Operations: Quantum algorithms can optimize complex healthcare operations such 

as scheduling appointments, resource allocation in hospitals, and supply chain management for 

pharmaceuticals and medical supplies, leading to improved efficiency and cost savings. 

4. Medical Imaging and Diagnostics: Quantum computing can enhance the processing of medical imaging data, 

enabling faster and more accurate diagnoses of diseases such as cancer and neurological disorders. This can 

improve patient outcomes by facilitating early detection and treatment. 

5. Proteomics and Protein Folding: Quantum computers can model the complex folding patterns of proteins more 

accurately than classical computers, which is crucial for understanding their functions and designing drugs that 

target specific proteins implicated in diseases. 

6. Healthcare Data Security and Privacy: Quantum cryptography offers ultra-secure methods for protecting 

sensitive healthcare data, such as patient records and medical research findings, from cyber threats. Quantum 

key distribution (QKD) ensures that communication channels remain secure, safeguarding patient 

confidentiality and preventing unauthorized access. 

7. Clinical Trials Optimization: Quantum computing can optimize the design and analysis of clinical trials by 

simulating various scenarios and identifying the most effective treatment protocols. This can accelerate the 

development of new therapies and improve the efficiency of clinical research. 

8. Predictive Analytics and Disease Modeling: Quantum algorithms can analyze vast datasets of patient health 

records, environmental factors, and genetic information to predict disease outbreaks, identify high-risk 

populations, and develop strategies for prevention and intervention. 

9. Neural Network Training for AI in Healthcare: Quantum computing can speed up the training of deep learning 

algorithms used in medical image analysis, natural language processing, and predictive analytics, enabling 

more accurate and efficient AI-driven healthcare applications. 
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10. Quantum Sensors for Medical Imaging and Monitoring: Quantum sensors offer enhanced sensitivity and 

precision for medical imaging modalities such as MRI, PET, and EEG, enabling earlier detection of diseases 

and more detailed monitoring of physiological processes. 

While many of these applications are still in the early stages of development, the potential of quantum computing to 

transform healthcare is vast, offering new opportunities to improve patient care, advance medical research, and address 

some of the most challenging issues in healthcare delivery and management. 

 

Importance of interdisciplinary collaboration in fully utilizing quantum technologies in medicine 

Interdisciplinary collaboration plays a crucial role in fully harnessing quantum technologies in medicine. Here's why: 

1. Complexity of Quantum Technologies: Quantum technologies, such as quantum computing and quantum 

sensing, are highly complex and often require expertise from various fields including physics, computer 

science, and engineering. Collaborating across disciplines allows for a comprehensive understanding of these 

technologies and their potential applications in medicine. 

2. Integration of Expertise: Each discipline brings unique perspectives, skills, and knowledge to the table. For 

instance, physicists understand the principles of quantum mechanics, computer scientists specialize in 

algorithms and software development, and medical professionals comprehend the clinical needs and 

challenges. Integrating these diverse expertise leads to innovative solutions tailored to medical problems. 

3. Addressing Multifaceted Challenges: Quantum technologies have the potential to revolutionize various aspects 

of medicine, from drug discovery and molecular modeling to medical imaging and diagnostics. Tackling these 

challenges requires a multifaceted approach that considers both the technical aspects of quantum technologies 

and the specific requirements of medical applications. Interdisciplinary collaboration enables the identification 

and resolution of complex issues from different angles. 

4. Validation and Translation: Translating quantum technologies from theory to practical applications in 

medicine involves multiple steps, including validation of the technology's efficacy, safety, and usability in 

real-world healthcare settings. Collaboration between physicists, engineers, clinicians, and regulatory experts 

ensures that these technologies meet the necessary standards and are effectively integrated into clinical 

practice. 

5. Ethical and Societal Implications: The introduction of quantum technologies in medicine raises ethical, legal, 

and societal implications, such as patient privacy, data security, and equitable access to advanced healthcare. 

Collaboration between experts in bioethics, law, social sciences, and medicine is essential for navigating these 

complex issues and developing responsible policies and guidelines. 

6. Training and Education: Interdisciplinary collaboration fosters the exchange of knowledge and skills between 

different fields, creating opportunities for cross-training and interdisciplinary education. This not only 

enhances the expertise of individual researchers but also cultivates a new generation of professionals who are 

well-equipped to address the evolving challenges at the intersection of quantum technologies and medicine. 

In conclusion, interdisciplinary collaboration is indispensable for unlocking the full potential of quantum technologies 

in medicine. By bringing together diverse expertise, interdisciplinary teams can tackle complex challenges, develop 

innovative solutions, and ensure the responsible and effective integration of quantum technologies into healthcare 

systems. 

 

Potential advantages of using Quantum computing technologies in Healthcare: 

Quantum computing holds immense promise for revolutionizing healthcare in various ways: 

1. Drug Discovery and Molecular Modeling: Quantum computers can simulate molecular interactions with 

unprecedented accuracy and speed. This capability enables researchers to model the behavior of complex 

molecules and design drugs more efficiently, potentially accelerating the drug discovery process and leading to 

the development of novel treatments for diseases. 

2. Optimization of Treatment Plans: Quantum algorithms can optimize treatment plans by analyzing vast 

amounts of patient data, and considering numerous variables simultaneously. This could lead to personalized 

treatment strategies tailored to individual patients, optimizing outcomes and minimizing side effects. 
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3. Genomic Analysis: Quantum computing can enhance genomic analysis by rapidly processing large genomic 

datasets. This can aid in identifying genetic risk factors for diseases, understanding complex genetic 

mechanisms underlying various conditions, and developing targeted therapies based on individual genetic 

profiles. 

4. Medical Imaging and Diagnostics: Quantum algorithms can improve image processing techniques used in 

medical imaging modalities such as MRI, CT scans, and PET scans. By enhancing image resolution and 

analysis, quantum computing can facilitate the early detection of diseases and improve diagnostic accuracy. 

5. Healthcare Analytics and Predictive Modeling: Quantum computers can analyze vast amounts of healthcare 

data, including electronic health records, patient demographics, and medical imaging data, to identify patterns 

and trends. This can enable more accurate predictive modeling for disease outbreaks, patient prognosis, and 

healthcare resource allocation. 

6. Secure Data Sharing and Patient Privacy: Quantum cryptography offers advanced encryption techniques that 

can secure sensitive healthcare data and enable the safe sharing of patient information among healthcare 

providers. This ensures patient privacy while facilitating collaborative research and healthcare delivery. 

7. Real-time Data Processing in IoT Healthcare Devices: Quantum computing's ability to process massive 

amounts of data in real-time can enhance the performance of Internet of Things (IoT) devices used in 

healthcare, such as wearable sensors and remote patient monitoring systems. This enables continuous 

monitoring of vital signs and early detection of health abnormalities. 

8. Optimization of Supply Chain and Resource Management: Quantum algorithms can optimize healthcare 

supply chains and resource allocation, ensuring efficient distribution of medical supplies, drugs, and personnel. 

This can enhance healthcare delivery, especially in resource-constrained settings or during emergencies. 

By harnessing the power of quantum computing, healthcare can advance towards more personalized, precise, and 

efficient medical interventions, ultimately improving patient outcomes and transforming the healthcare landscape. 

 

Challenges in the field of healthcare using quantum technology: 

Quantum technology is a rapidly evolving field that has the potential to revolutionize various industries, including 

healthcare. While its promises are significant, the integration of quantum technology into healthcare also presents a 

variety of challenges. Here are some key challenges to consider: 

1. Technological Maturity 

 Quantum Hardware: Quantum computers are still in their infancy, with many existing systems being prone to 

errors and instability. The hardware needs substantial development to perform reliable and scalable 

computations required for practical healthcare applications. 

 Error Correction: Quantum error correction is critical for practical applications but remains a significant 

hurdle. Quantum bits (qubits) are extremely sensitive to their environment, leading to high error rates that can 

compromise results. 

2. Integration with Existing Systems 

 Interoperability: Integrating quantum computing solutions with existing healthcare IT systems is complex. 

These systems are often based on classical computing paradigms, and transitioning could require substantial 

changes in infrastructure and data management practices. 

 Data Format: Quantum computers require data to be encoded differently than classical computers. Adapting 

large healthcare datasets to be quantum-ready is a non-trivial task that involves significant preprocessing and 

understanding of quantum algorithms. 

3. Algorithm Development 

 Algorithm Complexity: Developing quantum algorithms that outperform their classical counterparts in real-

world applications is still a major research area. Current quantum algorithms are not yet practical for complex 

healthcare applications like genomics, protein folding, or complex disease pattern analysis. 

 Specificity and Adaptability: Designing algorithms that are both specific to healthcare needs and adaptable to 

different kinds of quantum computers is challenging. 
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4. Regulatory and Ethical Issues 

 Data Privacy: Quantum technology could potentially break many cryptographic protocols currently used to 

secure medical data. Developing new quantum-safe encryption methods is crucial to protecting sensitive health 

information. 

 Regulatory Approval: The medical field is highly regulated. Quantum technologies used in diagnostics or 

treatment will need to undergo rigorous testing and approval processes, which can be lengthy and costly. 

5. Cost 

 Infrastructure Cost: Quantum computing hardware and the required cooling systems are expensive. Initial 

investments and ongoing operational costs may be prohibitively high for many healthcare providers, especially 

in less affluent regions. 

 Research and Development: The cost of developing quantum algorithms and applications specific to 

healthcare needs significant funding, which might not always see immediate returns due to the experimental 

nature of quantum technologies. 

6. Skills Gap 

 Workforce Training: There is currently a shortage of professionals trained in both quantum computing and 

healthcare applications. Bridging this gap requires targeted educational programs and interdisciplinary 

collaboration. 

 Complexity of Technology: The inherently complex nature of quantum mechanics makes it difficult for 

healthcare professionals to grasp and apply quantum concepts without specialized training. 

7. Scalability 

 Scaling Quantum Effects: Many quantum effects that could benefit healthcare, like quantum entanglement and 

superposition, become harder to manage and maintain as systems scale up in size. 

 Despite these challenges, the potential benefits of quantum technology in healthcare — such as enabling more 

precise and faster diagnostics, improving the design of pharmaceuticals, and personalizing medical treatments 

— drive ongoing research and investment. Addressing these challenges effectively will require a coordinated 

effort among scientists, engineers, healthcare professionals, and policymakers. 
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