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ABSTRACT 

 
Quantum computing is a developing computational paradigm that uses the 

principles of quantum mechanics, like superposition and entanglement, to 

execute composite calculations beyond the abilities of conventional computers. 

Currently, implementation of this technology in medicine has the potential to 

revolutionize various domains like drug discovery, protein folding, genomics, 

medical imaging, and personalized healthcare. By allowing high-dimensional 

data processing and accurate molecular simulations, quantum computing may 

enhance biomedical research and thereby improving clinical decision-making. 

Moreover integrating quantum computing with artificial intelligence, mainly 

through quantum machine learning, further accelerates its capability to assess 

vast complex biological datasets and generate precise predictive models. 

Applications like disease prediction, drug response optimization, and advanced 

diagnostic imaging further validates its growing importance in modern 

healthcare. However, the implementation of quantum computing in medicine is 

presently limited by technical challenges, that includes decoherence, error 

correction, and scalability, as well as practical problems like high budgets and 

lack of skilled professionals. Moreover, ethical concerns play a major hurdle 

related to data privacy and healthcare inequality also require cautious 

consideration. In spite of these challenges, ongoing developments in hybrid 

quantum-classical systems and quantum algorithms reveal that a promising 

future, particularly placing quantum computing as an effective transformative 

force in next-generation medicine. 

 

KEYWORDS: Quantum Computing, Artificial intelligence (AI), Drug Discovery, 

Algorithms.  

 

 

Review Article 

ISSN (O): 3048-510X       ISSN (P): 3051-2565 CODEN: WJIMA9 

Impact Factor 5.014 

Article Info 

 
Article Received: 04 August 2026, 

Article Revised:  24 August 2026, 

Published on: 01 September 2026. 
 

 
 

*Corresponding author: 

Pasupuleti Sreenivasa Rao 

 

Professor, Department of 

Biochemistry. 

 
https://doi.org/10.5281/zenodo.23058359  

 

How to cite this Article:  

*Pasupuleti Sreenivasa Rao*1, 
Palukuru Sreenivasulu Reddy2, 

Ramalinga Viswakumar3, Byna Syam 

Sundar Rao4 (2026). Understanding 
Quantum Computing In Medicine: 

Transformative Potential And Future 

Perspectives. World Journal of Internal 
Medicine and Surgery, 3(8), 1–12. 

 

This work is licensed under Creative 
Commons Attribution 4.0 International 

license.  

 
 

 

 

http://www.wjims.com/
https://doi.org/10.5281/zenodo.23058359


 

2 

WJIMS, Volume 3, Issue 8, 2026. 

Copyright @: Sreenivasa et al.| World Journal of Internal Medicine and Surgery. 

 
INTRODUCTION  

Quantum computing is a progressing computational 

model that influences the basic principles of quantum 

mechanics to process existing information, to a certain 

extent that are primarily different from classical 

computing. Traditional computers run using binary 

bits, being present in one of two states—0 or 1. On the 

other hand, quantum computers operate qubits 

(quantum bits), which remain in various states 

concurrently due to the principle of superposition. 

Besides, the phenomenon of entanglement allows 

qubits to be interlinked and quantum state of one 

qubit can simultaneously impact other, permitting for 

highly comparable and complex computations. These 

properties offer quantum computers with the 

potential to resolve certain classes of difficulties 

exponentially quicker than classical systems.[1-2] 

 

Recent advancements in the modern era, has brought 

many changes in the disciplines of medicine and 

biotechnology that experienced an explosion in 

generation of volumes of data, which is backed by 

high-throughput computing technologies such as next-

generation sequencing, proteomics, metabolomics, and 

high end modern imaging systems. These technologies 

generate massive and complex datasets that includes 

genomic sequences to molecular interaction networks 

and also maintenance of clinical records. While 

traditional computing and artificial intelligence (AI) 

have considerably developed the ability to analyse 

such data, frequently struggle with scalability and 

computational limitations, and also deals with 

extremely complex, multidimensional biological 

systems. Moreover the quantum computing delivers a 

promising answer to these challenges by allowing 

faster simulations, better predictive modeling, and 

more effective data analysis. ―Recent studies highlight 

its emerging importance across various medical 

domains like imaging, radiotherapy, and precision 

medicine.[3-5] 

 

The utmost convincing features of quantum 

computing in medicine is its capability to simulate 

molecular and biochemical processes at basic level. 

Biological systems are naturally mediated by 

quantum mechanical communications, mostly at the 

atomic and molecular scales. Traditional 

computational methods naturally depend on 

approximations to model these interactions, which 

can limit their precision. In contrast, Quantum 

computers could simulate straight away using 

quantum systems, generating more accurate 

comprehensions in to their molecular behaviour. This 

ability is predominantly valued in disciplines like 

drug discovery, where understanding is needed to 

assess the interaction between drugs and biological 

targets, which is crucial for developing, more efficient 

therapies.[6] 
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In addition, combining quantum computing with 

artificial intelligence (AI) increases its transformative 

prospective. At present, AI transformed several 

domains inside medicine that includes medical 

imaging, drug discovery, disease prediction, and 

clinical decision-making. Machine learning 

algorithms, mostly are deep learning models, which 

attained amazing success in recognising patterns over 

complex datasets. Still, these models frequently need 

major computational resources and could struggle 

with extremely high-dimensional data. Quantum 

computing could extend AI by allowing quicker data 

processing and more effective optimization, which 

allows the development of quantum machine learning 

(QML) methodologies that can overtake traditional 

methods in certain applications.[3] 

 

For instance, in cancer related medical imaging, AI 

algorithms are employed to analyze large volumes of 

imaging data to identify abnormalities like tumors or 

lesions. Quantum-enhanced AI might speed up the 

analysis process with accuracy, permitting early 

identification of diseases. Likewise, in genomics, 

quantum computing would speed up the analysis of 

genetic data, enabling the early detection of disease-

linked variants and thereby allowing a new way for 

the development of personalized treatment 

approaches. The integration of quantum computing 

and AI, will be a powerful tool for advancing precision 

medicine and improving patient outcomes.[7] 

 

In spite of its huge potential, quantum computing is 

still in its primary stages of development. Existing 

quantum systems are facing major hurdles that 

includes decoherence, noise, and also qubit scalability 

is limited, which inturn derails their practical 

applications. However, ongoing research and 

technological developments are quickly addressing 

these limitations, with hybrid quantum-classical 

systems developing as a practical methodology for 

near-term application.[8] Recent comprehensive 

reviews further emphasize the growing 

interdisciplinary role of quantum computing in 

modern healthcare systems.[4] Therefore, this 

manuscript offers a complete summary on quantum 

computing and its role in medicine, aiming on its 

basic principles, key applications, related challenges, 

and future prospects.  By investigating the 

intersection points of quantum computing, AI, and 

biomedical science, this present theme purposes to 

highlight the importance and transformative potential 

of current knowledge in influencing the future of 

healthcare. 

 

Fundamentals of Quantum Computing in Medicine 

a. Qubits, Superposition, and Entanglement  

Quantum computing is basically dissimilar from 

traditional computing because it is developed on the 

principles of quantum mechanics. In traditional 

systems, information is programmed in bits found in 

one of two states, neither 0 nor 1, whereas quantum 

computers employ qubits (quantum bits), that 

presents both 0 and 1 concurrently due their 

superposition property. This capability permits 

quantum systems to process a huge number of 

possible solutions simultaneously, allowing them as 

apt and appropriate for complex biomedical 

computations that includes molecular modeling and 

genomic analysis.[1] Superposition is the at most vital 

features of quantum computing. A qubit can exist as a 

superposition, and not restricted to being only 0 or 1, 

but in combination of both, and not limited to a single 

definite value till it is measured. This superposition 

permits quantum computers to explore several 

computational pathways concurrently. In medicine, 

this is extremely useful for simulating biological 

systems, where many variables interact in parallel. 

For instance, in drug discovery process, assessing 

interactions among thousands of molecules and their 

biological targets; superposition permits these 

interactions to be investigated more effectively rather 

than classical approaches.[6] 

 

Next, the second important principle is quantum 

entanglement, which defines a phenomenon, where 

qubits, two or more become inter linked such that the 

state of one qubit rapidly regulates the state of 

another, irrespective of the distance between them. 

Entanglement allows coordinated computations 

through multiple qubits, considerably improving 

computational power. In biomedical research, 

entanglement may be employed to model complex 

biological systems like protein-protein interactions 

and gene regulatory pathways, where numerous 

components are inter-reliant.[3] The fundamental 

principles of quantum computing are illustrated in 

Figure 1. 

 

Further, the third main principle is quantum 

interference, which is applied to magnify accurate 

computational findings while suppressing errors. 

Quantum algorithms are intended to influence 

interference patterns, confirming the probability of 

attaining correct solution to maximum extent. This is 

principally significant in optimizing the major 

problems encountered in medicine that includes 

detecting the potential drug candidates or forecasting 

disease pathways. By selectively supporting preferred 

results, quantum interference increases the accuracy 

and efficacy of computations.[2] Quantum computers 

uses the principles of superposition, entanglement, 

and interference to map complex problem spaces and 

works on high-dimensional data, delivers a major 

advantage over classical computational methods. In 

Medicine, application of these principles transform 

into faster simulations, better predictive models, and 
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superior decision-making processes. For example, 

quantum computing allows and increases the speed 

related to simulations in protein folding, which are 

vital for understanding mechanism behind the disease 

progression and also to develop targeted remedies. 

Also, it can improve genomic analysis by finding 

subtle patterns in huge datasets that are frequently 

unexploited by classical computational methods. 

 

In spite of so many advantages, practical execution 

remains a huge task due to issues like decoherence 

and noise are major drawback in quantum systems. 

Yet, current developments in quantum hardware and 

algorithms continue to advance stability and 

scalability. When these technologies established, the 

integration of quantum computing into medicine is 

expected to transform healthcare by allowing more 

accurate, effective, and personalized treatments.[8] 

 

Applications of Quantum Computing in Medicine 

An overview of major applications of quantum 

computing in medicine is presented in Figure 2, which 

explains, its role in healthcare that includes drug 

discovery, protein folding, genomics, medical imaging, 

and clinical decision support. Moreover it highlights 

the role of quantum computing in improving 

computational speed, accuracy, and data-driven 

healthcare solutions. 

 

Drug Discovery and Development  

The division of drug discovery and development is 

vital in healthcare, which identifies new molecules 

and innovative strategies for the treatment of diverse 

range of diseases.[5,9] Moreover, global population up 

to 80 percent still depend on traditional medicine for 

their primary health care in developed and as well as 

developing nations. Presently, medicinal plant/herbal 

medicine for treating various disorders and diseases is 

quickly emerging, since they contain less toxic side 

effects.[10,11] The Medicinal /herbal Plants may 

comprise active constituents, which have been shown 

to proficiently hinder the disease or disorder 

symptoms in a synergistic manner. These active 

components from these Medicinal /herbal plants may 

encompass polysaccharides, pigments, steroids, 

terpenoids, flavonoids, alkaloids, etc. Past studies 

have shown that Medicinal/herbal plant extracts and 

purified molecules effectively managed to control 

various diseases and disorders.[10-18] However, 

conventional approaches face sever hurdles in 

developing novel therapeutic agents from natural 

resources. Thus novel strategies are needed. 

 

One of the best alternative solution for the present 

scenario is AI. The latest advancements in Genomics 

and bioinformatics tools are well connected to AI, 

which plays a major role in better understanding the 

disease and disorders, there by accelerates drug 

discovery process.[19-23] However, the sudden rise in 

digital data in the pharmaceutical industry has faced 

significant challenges associated with data 

management, integration, and interpretation.[5] 

 

Above all this, now quantum computing has emerged 

as a multidisciplinary tool with applications across 

drug discovery, imaging, genomics, and clinical 

medicine.[4,24] Recent systematic studies further 

confirm the transformative role of quantum 

computing in accelerating pharmaceutical research 

and optimizing drug design processes.[24] The 

discovery and development of new pharmaceutical 

agents and getting into the market is tough multi step 

process, often needs 10–15 years’ timelines with high 

financial investments exceeding several cores of 

rupees. Screening huge compound libraries is vital for 

identifying therapeutic targets and further 

authenticating promising, safe, and effective lead 

molecules. Quantum computing has developed as a 

promising technology to answer these challenges by 

allowing more effective and precise computational 

methods.[6] 

 

Moreover, in drug discovery, the major advantage 

with quantum computing is its capability to simulate 

molecular interactions with high accuracy. In complex 

biological processes, that includes drug–target 

binding, are regulated at the atomic level in quantum 

mechanical phenomena. Classical computers 

frequently depend on approximations to model these 

interactions, often generates inaccuracies in 

envisaging drug efficacy. But, Quantum computers 

straight away simulate quantum states of molecules, 

giving a more detailed understanding of chemical 

bonding, mechanism of reaction, and followed by 

molecular energetics. This ability is mostly valuable 

in programmes like structure-based drug design, 

where precise modeling of protein–ligand interactions 

is crucial.[25] 

 

Another importance of this application is the 

capability to screen billions of drug molecules 

concurrently. Conventional high-throughput 

screening approaches, may be either experimental or 

computational, are often limited by time and 

computational resources. Quantum computing 

influences superposition and parallelism to assess 

many molecular configurations at once, considerably 

speed up the process of detecting encouraging drug 

candid lead molecules. When integrated with artificial 

intelligence, quantum systems might improve this 

process by recognising patterns and predicting which 

molecules are most likely to prosper, thus decreasing 

the number of candid molecules, does not needed any 

experimental screening.[3] Furthermore to screening, 

quantum computing is employed to optimize drug 

properties that includes potency, selectivity, and 
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pharmacokinetics. Drug optimization implicates 

navigating a huge chemical space to find molecules 

with potential therapeutic efficacy.  

 

Quantum algorithms, specifically those aimed for 

optimization problems, can competently explore this 

space and find optimal solutions. This is exclusively 

essential for minimalizing adverse effects and 

enhancing drug safety, as quantum simulations easily 

predict how a candid lead molecule interacts with 

various biological targets.[2] These abilities collectively 

lowers overall time frame period and low budget for 

drug development than expected by conventional 

methods. Moreover, through quantum computing, 

refinement the accuracy rate levels at initial-stage 

predictions, could reduce ratio of failure rates 

naturally witnessed in clinical trials. Early detection 

of unsuccessful or toxic molecules reduces usage of 

resources and also enhances the development of 

feasible, and ideal candid molecules. Besides that, 

quicker computational screening curtails the total 

drug discovery pipeline timeline period, permitting 

faster responses to evolving health threats like 

pandemics.[8] In spite of its potential, the usage of 

quantum computing in drug discovery is lagging 

behind, due to its primary stages, limitations in 

hardware and noise in present quantum systems. 

Still, hybrid quantum-classical methodologies are now 

being explored to influence the assets of both 

paradigms. As quantum technology remains to 

progress, it is expected a key role in pharmaceutical 

research. The workflow of quantum computing in 

drug discovery is illustrated in Figure 3. 

 

In summary, quantum computing is major boon in 

drug discovery by permitting accurate molecular 

simulations, fast screening of huge new molecule data 

bases, and effective in optimizing ideal candid lead 

molecules. These continuous prospective 

developments will be responsible in revolutionizing 

the pharmaceutical industry, speed ups the 

development of drugs in cost-effective way with 

accuracy. 

 

Protein Folding and Structural Biology 

In complex biological process, Protein folding is a 

basic step, where amino acids assembles in a linear 

fashion and attains a particular three-dimensional 

structure, which is essential for its function. The 

correct folding of proteins is crucial for continuing 

cellular homeostasis, while misfolding could result in 

diseases like. 

  

Alzheimer’s disease and Parkinson’s disease, where 

abnormal protein aggregation plays a major role. 

Better understanding and effectively predicting 

protein folding is utmost complex tasks in 

computational biology due to the massive figure of 

probable conformations as protein could adopt.[26] 

 

Quantum computing answers this challenges by 

allowing accurate prediction of protein structures. 

Classical computational approaches like molecular 

dynamics associated simulations, regularly depend on 

approximations and need major computational assets 

to explore the protein conformational space. Quantum 

computers, by influencing superposition and 

entanglement, might even assess various folding 

pathways concurrently. This enables an effective way 

for the exploration of the protein energy landscapes, 

and as well as to detect the most stable structure with 

better accuracy. Quantum algorithms generated for 

particularly chemistry related quantum simulations 

could model atomic interactions at basic level, refining 

the accuracy of protein structure prediction.[6] 

 

The other major application is the analysis of 

misfolded proteins, are often associated with various 

neurodegenerative disorders. Misfolding happens 

when proteins are derailed to attain their native 

conformation, causing aggregation and results in 

creation of toxic species like amyloid plaques. At 

molecular level, quantum computing could simulate 

these abnormal folding pathways and their 

interactions, giving major insights into the 

mechanisms of disease progress. Moreover, how and 

why proteins misfold? Better understanding this 

phenomenon may pave a way to detect and identify 

prospective therapeutic targets to avoid or reverse 

these pathological progressions.[3] Further, quantum 

computing simplifies the design of new therapeutic 

proteins. Protein engineering includes transforming 

or designing proteins with particular functions that 

includes enzymes, antibodies, or therapeutic peptides. 

This process needs wider exploration of massive 

combinatorial space of amino acid sequences and their 

structural conformations. Quantum algorithms could 

proficiently direct this space, detecting sequences that 

fold into preferred structures with optimal stability 

and functionality. This ability is mostly valuable in 

emerging biologics that includes monoclonal 

antibodies and enzyme-based remedies, where 

accurate structural design is vital for their efficacy.[25] 

 

Moreover, by integrating quantum computing with 

artificial intelligence improves its potential in 

structural biology. AI models, employed in protein 

structure prediction, could produce preliminary 

structural hypotheses, while quantum computing 

improves these predictions through correct molecular 

simulations. This hybrid approach associations will 

strengthens both tools, allowing quicker and more 

consistent results. In spite of these benefits, practical 

execution remains limited by present constraints in 

hardware that includes noise and qubit capability is 
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limited. Though, current developments in quantum 

technologies and hybrid computational approaches 

are steadily disabling these challenges. As quantum 

computing remains to progress, it is anticipated to 

play a major transformative role in structural biology 

by giving deeper insights into behaviour patterns of 

proteins and allowing the progress of advanced 

therapeutic strategies.[2,8] 

 

In summary, quantum computing has many 

advantages, it has potentiality to revolutionize protein 

folding and structural biology by refining structure 

prediction, allowing complete analysis of misfolded 

proteins, and enabling the design of new therapeutics. 

These improvements could considerably improve our 

understanding of disease mechanisms and speed up 

the progress of effective therapies. 

 

Genomics and Personalized Medicine 

Genetic mutations plays an important role in the 

progression of various diseases and disorders.[27,28]  

For example in some cancers, mutations are 

responsible for the progression of the disease 

demonstrated in few studies.[28-31] Few meta-genomics 

studies reported that the microorganisms regulate 

various bio-geo cycles[32] and recent studies reveal that 

they regulate gut biome too.[33]  Modern sciences such 

as Genetics, Genomics and Meta-genomics linked with 

AI will allow better understanding the disease and 

disorders and also further supports in the process of 

drug discovery.[5] Moreover, Genomics has changed 

current medicine by allowing the analysis of genetic 

information at an unprecedented scale. Recent 

advances in next-generation sequencing technologies, 

huge volumes of genomic data could be generated 

quickly. Still, analysing and interpreting this volumes 

of data remains a key computational task, because of 

its high dimensionality and complexity. Quantum 

computing has unique solution with enhanced 

computational abilities could considerably improve 

genomic analysis and aids in the development of 

personalized medicine.[3] 

 

The major advantages of quantum computing is its 

capability to process huge volumes of genomic 

datasets proficiently. Genomic data contains billions 

of base pairs, besides with variations like single 

nucleotide polymorphisms (SNPs), insertions, and 

deletions. Classical computational approaches 

frequently struggle with processing, storage and 

analysis of such huge volumes of datasets. Quantum 

computers, by influencing superposition and 

parallelism, could study multiple data points 

concurrently, allowing quicker sequence alignment, 

variant detection, and genome-wide association 

studies. This ability is mostly important in when 

studying large-scale population studies, where 

millions of genomes must be compared to find 

differences in nucleotides arrangement.[2] 

 

Next main application is the capability to find 

disease-associated genetic patterns. Various diseases 

like cancer, diabetes, and cardiovascular disorders, 

are regulated through complex interactions among 

multiple genes and environmental driven factors. 

Identifying these patterns needs assessment of high-

dimensional data with complex correlations. Quantum 

machine learning (QML) algorithms could improve 

pattern identification by exploring intricate feature 

spaces more effectively rather than traditional 

algorithms. These approaches could reveal subtle 

genetic variations and interactions that may be 

unnoticed by classical methods, leading to better 

understanding of mechanisms of the disease and as 

well as early prediction of risk.[7] Quantum computing 

possess significant role in allowing personalized 

treatment approaches, an important target of 

precision medicine. Personalized medicine intentions 

to tailor treatment strategies depend on individual’s 

genetic profile, lifestyle, and environmental driven 

factors. By studying patient’s genomic data, quantum 

systems could guide and suggest the utmost efficient 

treatment plans and also forecasts individual 

responses to these therapeutic agents. For instance, 

pharmacogenomics studies how genetic variations 

impact drug metabolism and efficacy. Quantum 

computing allows these analyses quickly, enabling 

clinicians to choice ideal drug regimens and dosages 

for every patient, thus enhancing treatment outcomes 

and reducing adverse side effects.[6] Additionally, the 

combination of quantum computing with artificial 

intelligence improves its prospective in genomics. AI 

models can make predictive insights utilising genomic 

data, while quantum computing advances 

computational efficacy with accuracy. This hybrid 

method is mostly helpful in cancer genomics, where 

finding driver mutations and choosing target specific 

treatments need assessment of massive complex 

datasets in real time. In spite of its ability, usage of 

quantum computing in genomics is still in its initial 

stages. Existing limitations like constraints in 

hardware, noise, and as well as, it requires specific 

algorithms. Still, current research in hybrid systems 

(quantum-classical systems) is in progress, which has 

capacity to answer all challenges and allowing 

practical applications in the near future.[8] 

 

In summary, quantum computing potentially 

revolutionizes genomics and personalized medicine by 

enabling effective processing of huge-scale datasets, 

recognising complex genetic patterns, and also further 

supports in personalised treatment plans. As the 

technology remains to progress, it is projected to play 

a critical role in the healthcare sector, specially 

diagnosing diseases with accuracy, further 
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implementing strategies for preventive care, and 

treatment. 

 

Medical Imaging and Diagnostics 

Medical imaging has importance in modern 

healthcare. It enables non-invasive visualization of 

internal body features for monitoring, better 

diagnosis, and also for implementing appropriate 

treatment approaches. New age techniques like 

magnetic resonance imaging (MRI), computed 

tomography (CT), positron emission tomography 

(PET), and ultrasound produce large volumes of high-

resolution data. While artificial intelligence (AI) has 

considerably enhanced image analysis, the growing 

complexity and volumes of imaging data generated 

face computational challenges that could be easily 

answered by quantum computing. The integration of 

quantum computing with AI, called as quantum-

enhanced AI, which has the capacity to improve 

efficacy, and accuracy in disease diagnosis.[3] The 

major advantages of quantum computing is its ability 

to assess high-resolution imaging data more 

professionally. Medical images possess millions of 

pixels or voxels, each demonstrating complete 

information on anatomical and functional structures. 

Traditional machine learning algorithms need 

extensive computational resources to process data, 

mostly in three-dimensional imaging modalities. 

Quantum algorithms, influencing superposition and 

parallelism, could process various image features 

concurrently, allowing quicker and more effective 

analysis. This is mostly helpful in studying tumor 

segmentation, organ delineation, and detection of 

subtle abnormalities that may not be possible by 

traditional methods.[34] 

 

The other crucial application is the capability to 

identify initial-stage diseases with superior sensitivity 

and specificity. Initial detection is vital for better 

patient outcomes, specifically in conditions like, 

cardiovascular diseases, and neurological disorders. 

Quantum-enhanced machine learning models could 

easily recognize these intricate patterns and 

anomalies in imaging data, which reveals initial 

beginning stage of the disease. For example, small 

lesions or microstructural alterations in tissues, failed 

to report by human observers or traditional 

algorithms might be detected more constantly by 

quantum-based methods. This enhanced sensitivity 

could lead to early diagnosis, followed by timely 

intervention, eventually reduces morbidity and 

mortality significantly.[7]  

 

Quantum computing also supports clinical decision-

making by combining patient imaging data with other 

information like clinical, biochemical and genomic 

data. Clinical decision-making involves assessing 

various data sources to define the correct diagnosis 

and therapeutic regime. Quantum systems could 

handle these intricate, high-dimensional datasets 

more successfully than conventional systems, allowing 

the progress of more precise predictive models. These 

models could support clinicians in choosing optimal 

treatment plans, envisaging disease progression, and 

assessing treatment responses in real time.[2] The 

integration of quantum computing within healthcare 

systems is summarized in Figure 4. Recent clinical 

studies revealed that quantum computing can 

considerably enhance diagnostic precision and 

optimize treatment approaches through advanced 

decision-support systems.[35] Additionally, quantum 

computing enables efficient large-scale healthcare 

data processing and supports the development of 

smart healthcare systems integrating electronic 

health records and real-time monitoring platforms.[36] 

Moreover, quantum-enhanced AI, could improves 

workflow effectiveness in clinical settings by 

decreasing the time needed for image processing and 

interpretation. Automated quantum-supported 

diagnostic tools could produce fast and consistent 

results, lowering the workload pressure on 

radiologists and also decreasing human error. This is 

particularly important in huge-volume healthcare 

environments where timely decision-making is vital. 

These advancements highlight the potential of 

quantum computing to improve real-world clinical 

workflows and patient outcomes.[35] In spite of these 

capable applications, the employment of quantum 

computing in medical imaging is static, and it is in 

initial stages. Existing limitations like constraints in 

the hardware, noise and the need for specialized 

algorithms that are unique to imaging data. However, 

current developments in quantum technologies and 

hybrid quantum-classical methods are projected to 

overcome these challenges in the nearby future.[8]  

 

In conclusion, quantum-enhanced AI has the potential 

to transform medical imaging and diagnostics by 

permitting effective examination of large-resolution 

data, enhancing early diagnosis of the disease which 

is helpful in early clinical decision-making. When 

technology matures, it is expected to become an 

integral part of innovative diagnostic systems, which 

is supportive for healthcare sector in diagnosing the 

disease or disorder accurately and more efficiently, 

with personalized care. 

 

Quantum Machine Learning in Medicine 

Quantum Machine Learning (QML) is a developing 

interdisciplinary field that integrates principles of 

quantum computing with artificial intelligence (AI) to 

improve data analysis and predictive modeling. By 

influencing quantum mechanical properties like 

superposition and entanglement, QML algorithms 

could process high-dimensional datasets more 

professionally than conventional machine learning 
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approaches. In medicine, where intricate and huge-

scale data are regularly produced, QML holds major 

ability to better diagnostic accuracy, treatment 

optimization, and healthcare decision-making (3). 

Recent systematic studies further highlight the 

importance and advantages of quantum machine 

learning in improving prediction accuracy and 

computational efficiency in healthcare applications.[24] 

 

The major important applications of QML in medicine 

is the development of disease prediction models. 

Predicting disease in the initial stages and their 

progression necessitates assessment of diverse 

datasets that includes genomic, clinical, and 

environmental information. Conventional machine 

learning models frequently struggle with high-

dimensional and nonlinear data. Still, QML 

algorithms, could encode and process these kind of 

datasets in quantum states, allowing more efficient 

pattern identification and classification. This also 

permits early detection of diseases like cancer, 

cardiovascular disorders, and neurological conditions, 

potentially enhancing patient outcomes by timely 

intervention approaches.[7] 

 

Next, important crucial application is drug response 

prediction, which is key to personalized medicine. 

Patient’s response differently to the same treatment 

due to genetic and physiological variations. QML 

models could study intricate biological datasets to 

envisage how individual patients would respond to 

specific therapeutic agents. By recognising ideal 

therapeutic agents with their respective dosages, 

these models definitely limit adverse effects and 

improves therapeutic outcome more efficiently. 

Moreover, QML could be useful in detecting potential 

biomarkers related with drug response, further 

improving the accuracy of treatment plans.[6] QML 

also plays an important role in medical image 

analysis, where huge volumes of imaging data will be 

generated, processed and interpreted. Techniques like 

MRI, CT, and PET scans generate high-resolution 

images, which depends on modern computational 

methods for accurate analysis. Quantum-enhanced 

machine learning algorithms could facilitate feature 

extraction, classification, and anomaly detection in 

medical images. This is more useful in accurate, early 

detection of tumors, lesions, and other pathological 

conditions and as well as better monitoring of the 

disease progression.[34] 

 

Although it’s potential, fully quantum machine 

learning systems are presently limited through 

various constraints in hardware, noise, decoherence, 

and further limited by qubit availability. As a result, 

hybrid quantum-classical systems have emerged as 

the best practical application of QML. In these 

systems, conventional computers handle data 

preprocessing with less complex computations, 

whereas quantum processors are utilised for precise 

tasks like optimization and high-dimensional feature 

mapping. This hybrid methodology permits 

researchers to influence the benefits of quantum 

computing while overcoming present technological 

limitations.[2] Also, hybrid QML models are being, 

vigorously explored in real-life medical applications, 

that includes drug discovery pipelines, genomics, and 

imaging diagnostics. These systems deliver a scalable 

pathway for integrating quantum computing into 

existing healthcare sector without necessitating fully 

established quantum hardware. 

 

In conclusion, Quantum Machine Learning signifies a 

powerful tool for advancing medical research and 

clinical practice. By allowing more proficient data 

analysis, accelerates disease prediction, optimizing 

drug response, and improving medical imaging, QML 

has the potentiality to revolutionize healthcare sector. 

While challenges continue, mainly in terms of 

development of hardware, hybrid quantum-classical 

systems deliver a practical and promising 

methodology for near-term applications. As quantum 

technologies remain to progress, QML is likely to play 

an important role in precision medicine and modern 

healthcare analytics.[8]  

 

Challenges in Quantum Computing for Medicine  

In medicine, the integration of quantum computing 

has advantages, but it has to face some technical 

issues in terms of execution, and ethical challenges 

must be answered before its full potential could be 

recognized. These challenges extent from limitations 

in hardware to concerns in the society, underlining 

the necessity for interdisciplinary solutions and 

careful governance. 

 

a. Technical Challenges 

The major important technical barriers is quantum 

decoherence, is due to the loss of quantum 

information because of interactions between qubits 

and their environment. Qubits are very sensitive to 

external disturbances that includes thermal noise and 

electromagnetic interference, affecting their quantum 

states to degrade quickly. This is one of the limiting 

factor which affects the duration and consistency of 

quantum computations, posing a major challenge for 

medical applications that need high accuracy, 

involved in molecular simulations and genomic 

analysis.[1] 

 

Next, the key issue is quantum error correction. 

Unlike conventional systems, quantum information 

would not be copied straight away due to the no-

cloning theorem, creating error detection and 

correction more intricate. Quantum error correction 

techniques needs encoding a single logical qubit into 



 

9 

WJIMS, Volume 3, Issue 8, 2026. 

Copyright @: Sreenivasa et al.| World Journal of Internal Medicine and Surgery. 

many physical qubits, considerably increasing 

resource demands. This makes a considerable 

overhead in terms of hardware and computational 

complexity, limiting the scalability of quantum 

systems for real-life medical applications (8).  Limited 

qubit scalability also limits the practical usage of 

quantum computing. Existing quantum instruments 

function in the Noisy Intermediate-Scale Quantum 

(NISQ) era, with simply tens to hundreds of qubits 

available. These systems are inadequate for resolving 

huge-scale biomedical problems like full protein 

folding simulations or comprehensive genomic 

analyses. Scaling up qubit numbers while retaining 

coherence and less error rates continues a major 

engineering task.[2] 

 

b. Implementation Challenges 

Outside technical limitations, there are many 

execution challenges that obstruct the acceptance of 

quantum computing in medicine. The most 

challenging part is that the high cost along with 

emerging and maintenance of quantum hardware. 

Quantum systems need dedicated infrastructure, like 

ultra-low temperature environments and precise 

control mechanisms, creating them more expensive to 

build and operate. This factors limits approachability, 

mostly for smaller research organizations and 

healthcare sectors.[6]  

 

In addition, another challenge is deficiency of skilled 

professionals, especially expertise in both quantum 

computing and biomedical sciences. Quantum 

computing is integrally interdisciplinary, that 

requires knowledge on physics, mathematics, 

computer science, and domain-specific medical 

knowledge. The absence of such skilled professionals 

hinders the research progress and limits the 

transformation of quantum tools into clinical practice 
(3). Integration with current systems also faces major 

challenge. Healthcare infrastructure presently depend 

on conventional computing systems, electronic health 

archives, and traditional data analysis pipelines. 

Integrating quantum computing into these systems 

needs enough compatible software frameworks, high 

data standards, and hybrid infrastructural facilities. 

Confirming continuous integration without disturbing 

prevailing workflows is an intricate challenge that 

necessities significant investment and right 

coordination. 

 

Ethical Considerations  

Apart from technical and implementation challenges, 

ethical considerations has pivotal role in the 

implementation of quantum computing in medicine. 

The major concerns is data privacy. Medical data, 

mostly genomic information, is extremely sensitive, 

should be safe guarded from unauthorized access. 

Quantum computing has the ability to decode 

traditional encryption methods, raising worries about 

the patient data security. Simultaneously, it also 

demands the development of post-quantum 

cryptographic techniques to safeguard protection of 

the data.[2]  

 

Another key issue is the possibility of genetic data 

misuse. Advanced genomic analysis empowered by 

quantum computing might lead to unintentional 

consequences like genetic discrimination by employers 

or insurance companies. Confirming that genetic data 

is used reliably and ethically it is important to stop 

misuse and defend discrete rights.[7] Lastly, 

healthcare disparity is a major concern. The high 

budget and limited approachability of quantum 

technologies could extend the gap between well-

funded healthcare systems and those with less 

resources. This might lead to uneven access to modren 

diagnostics and therapeutics, intensifying prevailing 

discrepancies in global healthcare. To answer this 

type of problems need policies that endorse reasonable 

access and the accountable distribution of 

technological advancements.[8]  

 

Conclusion of Challenges Section 

In summary, although quantum computing has the 

ability to transform medicine, its implementation is 

delayed by considerable technical aspects, execution, 

and challenges related to ethical issues. Overcoming 

issues like decoherence, error correction, and 

scalability is important for creating consistent 

quantum systems. Simultaneously, appropriate 

budget, right working staff and integration of systems 

will be important for practical operation. Ethical 

concerns like data confidentiality and healthcare 

parity, must also be cautiously managed to safeguard 

responsible use. Continued research, collaboration, 

and policy development will be key to overcoming 

these barriers and unlocking the full potential of 

quantum computing in medicine. 

 

Future Perspectives 

The quantum computing future in medicine is likely 

to develop gradually, moving from experimental and 

hybrid operations to completely scalable systems able 

to revolutionized healthcare sector. This development 

could be mostly characterized into short-term, 

medium-term, and long-term developments, 

respectively marked by growing technological 

advancements and clinical outcome. Evolving 

evidence from systematic studies demonstrates that 

quantum technologies will play a central role in next-

generation healthcare systems.[24]  

 

Short-Term (1–3 years) 

The utmost practical developments in the near future 

will be centred about hybrid quantum-classical 

systems. These systems integrate the power of 
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classical computing with evolving quantum 

processors, permitting precise computational 

challenges like optimization and sampling—to be 

implemented on quantum hardware although the 

majority of processing continues classical. This 

method is predominantly apt, to the existing Noisy 

Intermediate-Scale Quantum (NISQ) era, where 

quantum devices are inadequate in size and 

susceptible to noise.[2] One of the initial applications 

projected to have advantage grip in drug discovery. At 

present Hybrid quantum algorithms are being 

explored for molecular modeling and ligand–protein 

interaction studies. These approaches could expand 

the accuracy of simulations and decrease 

computational time, allowing quick detection of 

capable drug molecules. Early-stage pharmaceutical 

pipelines are expected to implement these tools to 

match present computational chemistry approaches, 

thus reducing costs and fast-tracking research 

timelines.[6] Moreover, pilot projects incorporating 

quantum machine learning into biomedical data 

analysis are likely to expand. These primary 

operations will emphasis on niche problems where 

quantum advantage could be established, that 

includes small-scale molecular simulations and 

targeted optimization problems. 

 

Medium-Term (3–5 years) 

The advancements in quantum hardware and 

software in the medium term are likely to lead to 

enhanced quantum algorithms with superior stability 

and efficacy. When error rates decline and qubit 

coherence time’s progress, more intricate 

computations will become viable. This will allow 

wider applications in medicine, mainly in areas 

demanding high computational accuracy. 

 

The other major improvement will be advanced 

protein simulations, which are essential for 

understanding mechanism of the diseases and also 

useful in developing targeted therapies. Upgraded 

quantum algorithms will permit researchers to 

simulate more biomolecules and other complex 

interactions with higher precision than present ones. 

This might considerably improve our understanding 

of protein folding, misfolding, and aggregation 

methods connected with diseases like Alzheimer’s and 

Parkinson’s.[3] Additionally, quantum computing is 

projected to play an emerging role in genomics and 

systems biology throughout this stage. Improved data 

processing abilities will allow more comprehensive 

scrutiny of multi-omics datasets, results in better 

identification of disease pathways and therapeutic 

targets. By integrating artificial intelligence, rises 

improvement in predictive modeling and quick 

decision-making in clinical settings. 

 

Furthermore, the major advancement would be the 

integration of quantum technologies into healthcare 

infrastructure. These hybrid platforms might be 

standardized, and cloud-based quantum services may 

permit wider access to quantum computing resources, 

enabling partnership between research institutions 

and healthcare providers. 

 

Long-Term (5+ years) 

The growth of fully scalable quantum systems is 

expected in the long term to transform medicine. 

These systems consists of huge numbers of stable 

qubits with robust error correction, allowing the 

implementation of complex algorithms that are 

presently beyond reach. Such improvements will 

permit quantum computers to resolve huge-scale 

biomedical problems, like full protein folding 

simulations, comprehensive genomic analyses, and 

real-time optimization of treatment approaches.[8]  

 

The important major revolutionizing results would be 

real time understanding of personalized medicine. 

Quantum computing will allow quick analysis of 

individual patient data that includes genomic, 

proteomic, and clinical information, to produce 

extremely tailored treatment strategies. This will 

permit clinicians to predict early disease risk, choice 

for optimal therapies, and modify treatments based on 

responses of the patient. The capability to process and 

integrate various datasets in real time would 

considerably advance healthcare outcomes and 

productivity.[7] 

 

Additionally, quantum computing might enable 

breakthroughs in areas like drug design, vaccine 

development, and epidemiological modeling. For 

instance, in global health care emergencies, quantum 

systems might accelerate the early detection of 

potential therapeutic drugs and forecast disease 

spread with larger precision, allowing more active 

public health interventions. However, attaining these 

long-term goals will need sustained developments in 

hardware, improvement in algorithms, and 

interdisciplinary partnership. Ethical concerns like 

data privacy and equitable access, must also be 

addressed to safeguard that the benefits of quantum 

computing are circulated properly through various 

populations. 

 

Conclusion of Future Perspectives Section 

In summary, the future of quantum computing in 

medicine is characterized by a gradual transition from 

hybrid systems to fully scalable quantum 

technologies. While short-term developments will 

focus on practical implementations in drug discovery, 

medium-term advancements will expand capabilities 

in protein simulation and genomics. In the long term, 

quantum computing has the potential to enable real-
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time personalized medicine and revolutionize 

healthcare. Continued research, innovation, and 

collaboration will be essential to realize these 

transformative possibilities. 

 

Conclusion in whole 

Quantum computing signifies a revolutionizing 

frontier in medicine, proposing unique computational 

abilities to address certain important complex 

challenges in biomedical research and healthcare 

sector. By influencing principles like superposition, 

entanglement, and quantum interference, it allows 

more effective analysis of high-dimensional biological 

data, precise molecular simulations, and advanced 

predictive modeling. Its usage in drug discovery, 

protein folding, genomics, medical imaging, and 

quantum machine learning reveals its potentiality 

considerably which also improves diagnostic accuracy, 

further accelerates therapeutic development, and 

supports personalized medicine. Notwithstanding 

these promising developments, numerous challenges 

continues that includes technical limitations like 

decoherence and scalability, along with high execution 

costs, and also major ethical concerns associated with 

data privacy and healthcare inequality. But, the 

arrival of hybrid quantum-classical systems delivers a 

practical pathway for near-term implementation, 

while ongoing research remains to develop quantum 

hardware and algorithms. 

 

Furthermore, fully scalable quantum systems are 

expected in the long term to transform healthcare by 

allowing real-time personalized treatment plans and 

also fast prediction of disease. To understand this 

potential, interdisciplinary partnership, answerable 

innovation, and robust supervisory frameworks would 

be need of the hour. Eventually, quantum computing 

has the ability to transform the future of medicine, 

improving patient outcomes and progressing global 

healthcare systems. 
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