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Abstract：This paper's goals are to present a summary of the state of quantum computing in the medical field 

today and investigate possible future uses. Because quantum computing may significantly increase the speed and 

precision of processes like drug development, customized treatment, and medical imaging, it has the potential to 

completely transform a number of industries, including healthcare. A study of the literature on the use of 

quantum computing in the medical field is carried out, exposing the several uses of this technology as well as the 

present level of research in this field. Although the technology is still in its infancy, this paper suggests that 

quantum computing has the potential to completely transform the healthcare industry. However, further research 

is required to completely comprehend the implications of quantum computing in healthcare. 
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1. Introduction 

A new technology called quantum computing has the potential to completely change how we handle and 

evaluate data. Based on the ideas of quantum mechanics, the technology performs computations using quantum 

bits, or qubits, rather than classical bits. Because of this, quantum computers are able to complete some jobs far 
more quickly and effectively than traditional computers. One sector that stands to gain significantly from the 

developments in quantum computing is the healthcare sector. Quantum computing offers the potential to enhance 

patient outcomes and save costs in a variety of healthcare applications, including precision medicine, medical 

imaging, and drug discovery and development. This study is to investigate the present status of quantum 

computing in the medical field as well as the possible uses and ramifications of this technology in the future.  

 

Healthcare is one of the many areas that quantum computing has the potential to transform. Superposition and 

entanglement, two special characteristics of quantum systems, enable quantum computers to carry out some 

operations far more quickly and effectively than conventional computers. The present status of quantum 

computing in healthcare and its possible uses in fields including medication development, medical imaging, and 

genomics will be examined in this research article. Drug research is one of the main fields where quantum 

computing may have a big influence. The lengthy and extremely difficult process of creating new medications 

mostly depends on computational techniques to evaluate a vast number of possible chemicals for safety and 

efficacy. These simulations are difficult for classical computers to execute, but as Figure 1 illustrates, quantum 

computers have the potential to greatly accelerate the process. The ability of quantum computers to simulate 
quantum chemistry at exponentially quicker speeds than conventional computers was demonstrated in a recent 

study by Rebentrost et al. (Rebentrost et al., 2018).  

 

Figure 1: Comparison between the classical computing and the quantum computing  
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Medical imaging is another field where quantum computing may have a significant influence. Many disorders can 

be diagnosed and treated by medical imaging, however the procedure can be computationally and time-intensive. 

Doctors may be able to identify patients more quickly and accurately if quantum computing helps to speed up 

picture processing and analysis. For example, a quantum image compression technique has been described that 

may compress images tenfold quicker than classical algorithms. It is based on quantum measurements and the 

quantum Fourier transform (Liu et al., 2019).  

 

Furthermore, genomic data might be analyzed using quantum computing. Large volumes of data are produced by 

genomics research, which traditional computers find challenging to handle and analyze quickly. These data might 
be analyzed more rapidly using quantum algorithms, which could help develop tailored therapy and reveal 

information about the genetic roots of diseases. For instance, a quantum method based on the quantum search 

algorithm has been developed for genome alignment (Sarkar et al., 2019). This approach can align genome 

sequences tenfold quicker than traditional techniques. The healthcare sector is one of the many industries that 

quantum computing has the potential to transform. Large volumes of data are generated and analyzed by the 

healthcare sector, and quantum computers may be able to process this data far more quickly and effectively than 

traditional computers. Figure 2 lists a number of potential applications for quantum computing in the medical field. 

 

Figure 2: Possible quantum computing applications in healthcare industry Rasool et al. (2022) 

• Drug discovery: By simulating molecular behavior, quantum computers can forecast a molecule's potential as a 

medication.  

• Imaging: Medical pictures, including computed tomography (CT) scans and magnetic resonance imaging (MRI), 

can be processed and analyzed using quantum computing.  

• Machine learning: Machine learning models for healthcare applications like personalized medicine and 

diagnostic imaging can be trained using quantum computing.  

 

However, there is currently very little study on quantum computing in the medical field; the majority of the work 
is still in the theory and simulation stages. There has not yet been a practical implementation.  

It is important to note that numerous firms, including IBM, Google, D-Wave, IonQ, Xanadu, and others, are 

engaged in this subject through a variety of projects and partnerships with health organizations.  

Prior research in the subject of quantum computing in the healthcare industry has demonstrated that quantum 

computing may be applied to computational biology and other healthcare domains, and that quantum algorithms 

have the potential to expedite medication discovery and development. While some research have examined the 

application of quantum computing for modeling and simulation, others have concentrated on its usage for machine 

learning and pattern recognition. In contrast, the current paper offers a thorough summary of the state of the art 

and focuses explicitly on the use of quantum computing in the health sector. It discusses the many ways that 

quantum computing is being used in the medical field, such as machine learning, computational biology, and 

medication development. A thorough literature study and an in-depth examination of the possible advantages and 
drawbacks of quantum computing in the medical field are also included in the current work. The synthesis of 

earlier studies with the present work emphasizes the need for more research and development in this field while 

highlighting the tremendous potential of quantum computing in the health sector. Future research and development 

efforts in this sector can be guided by the comparison of the present work with the earlier studies, which offers 

insightful information about the field's advantages and disadvantages.  
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All things considered, there are many exciting potential uses for quantum computing in the medical field. The 

subject is evolving quickly, and the potential advantages for patients and the healthcare sector are evident, even 

though there are still many obstacles to overcome in terms of creating the required hardware and software. The 

purpose of this study is to present a more thorough analysis of the situation of quantum computing in healthcare 

now and its possible future uses.  

 

2. Literature Review 

Drug development and discovery is one of the most exciting uses of quantum computing in healthcare. Finding 

and creating new medications is a difficult and drawn-out process that mostly depends on computer analysis and 

simulations. However, the capacity of classical computers to model big and intricate systems—like those 

involving the interactions between medicines and proteins—is frequently constrained. 

 

On the other hand, the process of finding and developing new drugs could be greatly accelerated by quantum 

computing. Calculations that are otherwise impossible for classical computers can be completed by quantum 

computers through the use of quantum simulations and algorithms. Quantum-assisted molecular dynamics 
simulations, for instance, can be used to identify new drug targets, optimize current therapeutic molecules, and 

produce more precise forecasts of medication efficacy and toxicity (Flöther, 2023; Terranova et al., 2021). 

 

Benioff (1980) and Feynman (1982) laid the theoretical groundwork for quantum computing. The theory and 

application of quantum computing have advanced significantly since then. Topological qubits, superconducting 

circuits, and trapped ions have all been used in recent years to demonstrate quantum computing experimentally. 

Precision medicine is another field of medicine that could profit from quantum computing. Using patient-specific 

information, including genetics and medical history, to customize treatment regimens and enhance patient 

outcomes is known as precision medicine. However, precision medicine is difficult to evaluate and interpret 

using traditional approaches due to the large amount of data involved. The effective demonstration of quantum 

interference between two remote silicon quantum processors is reported in "High-quality quantum interference 
between remote silicon quantum processors." The authors demonstrate that even when the processors were 

placed many meters apart, the high-quality interference was preserved (Matthews et al., 2019). On-chip photon 

storage using high-Q photonic crystal nanocavities on a silicon substrate describe a process for designing and 

creating high-Q photonic crystal nanocavities on a silicon surface. The authors demonstrate that these 

nanocavities are appropriate for on-chip photon storage applications due to their excellent quality factor 

(Nakadai et al., 2022). An overview of the latest developments in the field of photonic qubits and its possible 

uses in quantum walks and quantum simulations is given by the terms photonic qubits, quantum walks, and 

quantum simulations. The authors also go over the benefits of employing photonic qubits in various fields as 

well as the obstacles that must be removed in order to achieve useful applications (Nakadai et al., 2022). 

 

This problem might be solved in large part by quantum computing, which offers the processing capacity required 
to examine complicated and massive datasets. For this reason, quantum algorithms have been created, such as 

quantum support vector machines and quantum principal component analysis, which can be used to find patterns 

and relationships in data that would otherwise be obscured by traditional techniques (Lloyd et al., 2018; Arshad, 

2023). Better patient outcomes and more individualized treatment strategies may result from this. 

 

Medical Imaging: X-ray, CT, and MRI scans are examples of medical images that could benefit from the use of 

quantum computing to enhance image quality and lower noise. It might be challenging for radiologists to 

correctly analyze and diagnose these pictures since they frequently contain a lot of noise. The article "Quantum 

Machines for  

 

Medical care:  
 
Rasool et al.'s "A Review" from 2022 gives a summary of the possible uses of quantum computing in the 

medical area. The authors want to draw attention to the present status of this field's research as well as the 

potential and difficulties associated with using quantum computing to the medical field. The authors also go over 

a number of applications of quantum computing in healthcare, such as personalized medicine, medical imaging, 

and drug development. For scholars and professionals interested in investigating the relationship between 

quantum computing and healthcare, this review is a useful resource. 

 

By employing quantum imaging methods, quantum computing may be able to lower this noise and enhance 

image quality. To create more precise and intricate images, these algorithms utilize quantum features including 

entanglement and superposition (Lundeen et al., 2011; Spence et al., 2014). Better patient outcomes and earlier 

disease diagnosis could result from this. The discovery of new medications and treatments, as well as quicker 
and more effective simulations and analysis of massive datasets, are all made possible by quantum computing, 

which has the potential to completely transform the healthcare industry. Some of the present and possible uses of 
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quantum computing in healthcare will be covered in this overview of the literature. Drug development is one 

field where quantum computing is showing promise. The behavior of intricate biological systems, which is 

required for the creation of novel medications, is difficult for classical computers to replicate. A new paradigm in 

computing called quantum computing uses the special characteristics of quantum systems to carry out certain 

computations. Quantum bits (qubits), which can exist in superposition and entanglement states, are used in 

quantum computers in place of classical bits. This makes it possible for quantum computers to execute some 

tasks exponentially quicker than traditional computers, such factorization and database searches. 

 

According to Gibney (2019), Google has revealed a quantum computer that is capable of calculations that are 
beyond the capabilities of human beings. This article's author addresses Google's assertion that a 53-qubit 

quantum computer constructed with superconducting qubits has achieved quantum supremacy. The article also 

highlights IBM's efforts to develop superconducting qubits and work toward practical quantum computers. Rubio 

et al. (2021) discuss IBM's recent breakthrough in superconducting qubit technology, including setting a new 

record for the highest-performing superconducting qubits, in their article "IBM research sets new 

superconducting qubit record, hits quantum advantage milestone." The article outlines IBM's plans for the 

development of quantum computing in the future as well as its efforts to create workable quantum computers. 

 

Contrarily, quantum computers can replicate biological system behavior and solve optimization issues rapidly, 

which can speed up the drug discovery process. For instance, Peruzzo et al. (2014) suggested a quantum method 

for drug discovery that can be applied to the faster and more effective discovery of new medications. Another 

area where quantum computing could enhance healthcare is in medical imaging. Medical photos are processed 
using traditional computer methods, which can be inaccurate and slow. On the other hand, quantum computers 

are more effective and precise at analyzing big and complicated datasets, such those produced by medical 

imaging. A quantum algorithm for medical imaging was proposed by Srikanth and Kumar (2022) and has the 

potential to increase image analysis efficiency and accuracy. 

 

The fast evolving subject of quantum computing has the potential to resolve computational issues that traditional 

computers are unable to handle (Schuch & Verstraete, 2011). Hardware and software are the two main areas into 

which the current level of quantum computing can be separated.  

 

Hardware:  

The superconducting qubit, the most well-known kind of quantum computer, stores and manipulates quantum 

information using superconducting circuits. Among the businesses that have created superconducting qubit 

processors are Google and IBM.  

•The trapped ion quantum computer is a different kind of quantum computer that stores and manipulates 

quantum information by using ions that are trapped in electromagnetic fields. Trapped ion quantum computers 

are being developed by companies like Honeywell and IonQ.Topological qubits are another kind of quantum 

computer that uses exotic particles called anyons, which obey non-Abelian statistics and can be controlled and 

manipulated through braiding or other physical phenomena. One business researching this kind of technology is 

Microsoft (de Lima Marquezino et al., 2019). 
 

Software: 
 

• At the core of quantum computing are quantum algorithms, and numerous research teams are creating novel 

algorithms to address certain issues.  

• Two well-known instances of quantum algorithms are Grover's algorithm for searching unstructured databases 

and Short's method for factoring big integers (Nakahara & Ohmi, 2008).  

• Algorithms for linear equation systems, quantum machine learning, quantum error correction, and quantum 

simulations are among the other algorithms that have been or are being developed.  

There are numerous current research projects worldwide, and the topic of quantum computing is developing 

quickly. Although this field of study is still in its infancy, numerous new discoveries and advancements are 
anticipated during the next years.  

 

3. Research Methodology 

Complex This paper's study methodology is a thorough analysis of the body of knowledge about the application 

of quantum computing in the medical field. Several databases, including PubMed, Scopus, and Google Scholar, 

were searched for the study using pertinent keywords, including "quantum computing in healthcare," "quantum 

drug discovery," "quantum personalized medicine," and "quantum medical imaging." To determine the different 

uses of quantum computing in the medical field and the present status of research in this field, the resulting 
articles were read and examined. Key phrases like "quantum computing," "healthcare," "medicine," and "drug 

discovery" were used to search a range of sources, including scholarly journals, conference proceedings, and 
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reports. To find recurring themes and patterns in the present research on quantum computing in healthcare, the 

discovered publications were examined and analyzed (Arshad & Tahir, 2022). In order to assess the current 

status of quantum computing in the healthcare industry and to pinpoint possible directions for further research 

and development, we carried out a thorough literature review in this study. Data were gathered from a variety of 

sources, such as government records, technical reports, conference proceedings, and peer-reviewed publications.  

We applied stringent inclusion and exclusion criteria to guarantee the caliber and applicability of the data 

gathered. Included were only English-language publications and sources from 2000 to the present day. Articles 

that have no direct connection to the subject of quantum computing in the medical field were disqualified. To 

find pertinent publications, we combined automatic and human searches. We then carefully vetted each item to 

determine its applicability to the study. To collect information for this study, we looked at more than 200 
publications and sources in total. With the help of these data, we conducted a methodical study to find recurring 

themes and patterns in the literature. We then combined the data to make inferences regarding the field's present 

status and its prospects for growth. This methodology offers a thorough and exacting approach to the 

investigation of quantum computing in the medical field, and we think it offers a strong basis for the findings and 

suggestions made in this paper.  

 

The literature review's findings suggest that quantum computing could significantly improve the speed and 

precision of a number of tasks in the medical field. Quantum computing has the potential to significantly impact 

a number of fields, including drug development, customized medicine, and medical imaging. Quantum 

computing has the potential to speed up the drug discovery process by simulating the behavior of intricate 

chemical systems. Quantum computing has the potential to assist in the creation of more individualized 

treatments and therapies by assisting in the identification of genetic markers linked to a certain disease. Quantum 

computing has the potential to improve medical imaging by enabling faster and higher-resolution reconstruction 
of pictures, which could aid in the early detection of diseases.  

 

• Drug discovery: By simulating molecular behavior, quantum computers can forecast a molecule's potential as 

a medication. This could make drug discovery quicker and more effective and result in the creation of new, more 

potent medications (Emani et al., 2021; Liu & Hersam, 2019; Kutateladze, 2005).  

• Imaging: Medical pictures, including MRI and CT scans, can be processed and analyzed using quantum 

computing. In addition to facilitating new imaging modalities that are currently unattainable with traditional 

computers, this could increase diagnosis accuracy (Wang, 2020).  

• Machine learning: Machine learning models for healthcare applications like personalized medicine and 

diagnostic imaging can be trained using quantum computing. This could lead to the creation of new and more 

potent algorithms as well as more accurate predictions and decisions (Karniadakis et al., 2021; Blanco & Piattini, 
2020; Harrow et al., 2009).  

• Biomedical signal processing: From feature extraction to image segmentation and classification to biomedical 

data analysis, quantum computing can be applied to a variety of medical signal processing tasks. Quantum 

computing will significantly cut down on the amount of time needed to process biomedical signals.  

• Healthcare Network Security: Protecting sensitive patient data from hackers is a common task for healthcare 

professionals. New encryption and decryption techniques could be created using quantum computing to protect 

these private conversations.  

But it's important to remember that the majority of these uses are still in the early phases of research and 

development, with many of them being theoretical and simulated. As Figure 1 illustrates, real-world uses of 

quantum computing in the medical field are still to come.  

 

 

4. Conclusion  

 

In conclusion, by significantly improving the speed and precision of a variety of tasks like drug development, 

customized medicine, and medical imaging, quantum computing has the potential to completely transform the 

health sector. Quantum computing can help in drug discovery and the identification of genetic markers for 

diseases by modeling the behavior of molecules and analyzing vast volumes of genomic data. Quantum 

algorithms can also improve medical imaging, making them more precise and clear. But before quantum 

computing can be completely incorporated into healthcare, a number of obstacles need to be removed. These 

include the creation of algorithms and software tailored to the requirements of the healthcare sector, as well as 

the development of quantum computers that are more reliable and stable. It is crucial to remember that although 

while the technology is still in its infancy, research in this field is still ongoing, and more studies are required to 

completely comprehend the implications of quantum computing in healthcare. 
 

Suggestions 
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We recommend that future research in the realm of quantum computing in the health sector concentrate on two 

main areas, based on the findings reported in this work. First, further research is required to examine and 

overcome the primary barriers that restrict the use of quantum computing in medical big data in order to gain a 

deeper understanding of both its promise and limitations in this field. Second, more research should be done to 

extend the use of quantum computing resources to provide better solutions for gaming scenarios, which will 

expand user payoffs and open up new possibilities for gaming strategies in order to explore the novel application 

of quantum game theory in the medical field. These suggestions call for partnerships between academic 

institutions, research facilities, and the private sector in addition to investments in resources and infrastructure. 
The full potential of quantum computing in healthcare can be achieved and major improvements in the field can 

result from giving priority to these areas.  
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