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Annotation: Medical physics is a field in 

which theories, concepts, and methodologies are 

employed to foster practical applications and 

technologies related to medical treatments. It should 

come as no surprise that cutting-edge developments in 

mathematical research are significantly contributing 

vital results to medical physics patients. In fact, many 

real-world medical physics scenarios can be attributed 

to the theoretical arrangements of intricate 

mathematical models themselves. Owing much of its 

inspiration to various physiological and biological 

systems, medical physics began to distinguish itself as 

an arena where the unification of mathematical 

constructs could have a considerable practical impact 

on human health. In a similar vein, new methodologies 

of quantum computing, of which many fundamental 

notions are wreathed with mystical intrigue, have 

lately surfaced in the mainstream news, garnering the 
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attention of many contemporary mathematicians and 

medical physicists. Consequently, the aim of the 

present survey is to provide a precise computational 

framework intended for the mathematical medical 

physics community, and these investigations will be 

focused in particular on advancements towards 

radiation therapy treatment planning and its 

subsequent implementations. 

By incorporating the mathematical equations 

characterizing the physical phenomena of photon 

attenuation inside a biological organism, the problem 

of locating optimized radiation beam directions and 

intensities is translated into a combinatorial 

optimization problem. To address these optimization 

tasks, the intention is to develop a hybrid utilization of 

simulated annealing and other combinatorial 

optimization methodologies using a specific quantum 

computing framework. This new application field of 

quantum computing is showing promising results in 

providing feasible treatment blueprints generated by 

rapidly minimizing the integral dose delivered to the 

organs of interest within a configurable allowable dose 

constraint while maximizing the dose absorbed by the 

malignant region. As such, the hope is that this 

framework might embolden further research into the 

realm of quantum computing therapies in medical 

physics combatting the many challenges faced by 

traditional methodologies. 

 Keywords: Medical physics, radiation 

therapy, quantum computing, treatment planning, 

optimization, computational modeling. 

  

 

1. Introduction to Medical Physics and Radiation Therapy 

Advancements in technology have been transforming the practice of medicine and improving 

health outcomes for centuries. The field of medical physics, founded in the early 20th century, 

has become a crucial discipline in the integration of physics principles with clinical medicine [1]. 

Medical physicists work in a variety of health care settings, collaborating with doctors and other 

medical professionals to ensure the safety and effectiveness of radiation therapy; the delivery of 

radiation as treatment is confidently achieved through the installation, testing, and validation of 

the machines and technologies employed in the process. Radiation therapy is used to treat a 

variety of medical conditions from acne to cancer. The proportion of patients treated for cancer 

primarily is high, as cancer is the second most common cause of death globally. Dealing with 

generations of cancer types and treating different patients calls for advancement, especially in 

the context of personalized medicine now. Personalized medicine is itself a technology space 

that integrates genomics with biological data to personalize care and enhances healing efficiency. 

Large amounts of data are generated, stored, and needed to be processed quickly and effectively. 
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One of the treatment methods for cancer is radiation therapy. It involves the precise delivery of 

high doses of radiation to shrink or remove the cancer cells spatially. However, a minimal 

amount of radiation is always applied to healthy surrounding tissues. Regardless of the 

developed technologies and devices, treatment planning remains a challenging task, as planning 

involves the experience and expertise of the physicist planning the treatment. Progress in 

detection techniques has always increased the capability to treat the patients and better 

understand the disease, enhancing healing efficiency. Random and unpredictable commercial 

effects in the treatment region while taking the patient images may sometimes hide the actual 

details near the tumor. Radiation exposure in general while imaging is also expected. [2][3][4] 

Literature Review 

1.1. Overview of Medical Physics 

Medical physics is a specialty of physics that is primarily associated with the application of 

physics to the diagnosis and treatment of human diseases. It is an essential component of the 

healthcare field and is involved in clinical practice, research and development, as well as in the 

education of healthcare professionals. In the clinical arena, medical physicists have a wide 

variety of responsibilities and duties, which encompass the application of physics for the 

assurance of quality in the complex cancer treatment modality of radiation therapy. Medical 

physicists also play an important role in the design, development, and commissioning of 

sophisticated systems, and may be called upon to troubleshoot or optimize the performance of 

such systems. 

Over the past 25 years, the principles of physics have had a significant effect on many medical 

technologies. Such technology uses the medical application of ionizing radiation for the 

diagnosis or treatment of human diseases. Quality assurance (QA) in radiation therapy is an 

essential activity of any modern radiation oncology program and is routinely performed not only 

to meet regulatory requirements but also to ensure the highest possible level of treatment 

accuracy and efficacy. As technology advances, so do the expectations of safety, precision, and 

quality for the application of the technology in patient care. Furthermore, medical physicists 

must be knowledgeable in a broad range of topics which includes the principles of operation of 

highly sophisticated and specialized hardware and software systems. One key duty is the 

institution of continuous education and research so as to advance the mutual exchange of 

knowledge and expertise in order to maintain, enhance and progress the broad role of medical 

physics. This is of crucial importance given the significant challenges currently faced by the 

service [5]. 

1.2. Fundamentals of Radiation Therapy 

Radiation therapy is a treatment modality for cancer and other diseases where a prescribed dose 

of ionizing radiation is given using many small doses or fewer large doses [6]. The majority of 

radiotherapy today uses X-rays made by linear accelerators, but a significant minority uses 

particles or Bragg peaks made using particle accelerators. Radiotherapy is most frequently 

delivered over several fractions with the aim of killing rapidly dividing cancer cells while 

minimizing damage to normal cells. Biological effects increase as the dose increases, but the 

effect for increasing dose diminishes with higher doses. Radiotherapy is typically an external 

treatment delivered with a radiation source outside of the patient. Radiotherapy is one of the 

most expensive treatments estimated to cure a cancer patient due to the high costs of accelerator 

technology, the need for multiple machines dependent on the complexity of treatment 

techniques, and the need for expensive supporting technologies; however, with improving cost 

effectiveness or greater financial allocations to cancer treatment, radiotherapy can be a more 

widely disseminated treatment modality. There are a wide variety of radiotherapy planning and 

delivery options that vary in the dose distribution pattern, but the fundamental goal is to deliver 

the prescribed dose as closely as possible to the clinical target and as far as possible from 

sensitive normal tissues. Until very recently the dose distribution was assumed to be uniform 
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within the patient each fraction. This may not be the case with new development of porous 

material which can be used in molds to shape a dose distribution that may increase dose to the 

patient by up to 25% toward the skin and underneath the mold compared to open or solid 

molding. The dose distributions can be personalized dependent on the patient or the tumor sites 

needs. 

The intention of radiotherapy is to kill cancer cells, but normal cells are also damaged. The hope 

is that normal cells can recover from this damage, while cancer cells cannot. This means that it is 

desirable to deliver as high a dose as possible to the clinical target while minimizing dose to 

surrounding organs at risk. For these reasons modern radiotherapy techniques aim to deliver 

highly conformal dose distributions that fit the patient’s or tumor’s specific anatomy and internal 

tissue distributions. The intention is to maximize the treatment’s therapeutic ratio to avoid 

complications. New radiotherapy treatment planning systems allow for better approximate 

calculation of dose deposition and subsequently a less biased treatment plan. This has allowed 

modest dose escalation in treatment centers. 3D-CRT plans are likely to lead to late effects, with 

a percentage being catastrophic treatment induced late effects. With conventional radiotherapy 

there is a lower limit of the dose that can be safely given viably. Hypofractionation may further 

increase the chance that patients are left with life-threatening side effects if the prescribed dose is 

administered in a single fraction. For these reasons, and probably other reasons unknown at 

present, a percentage of actual patients given hypofractionation are prescribed a dose below the 

minimum required to kill the tumor and are clinically judged a failure from the start. Post-hoc 

that may be realized if a review of the treatment plan had been undertaken. Despite conformal 

RT and IMRT dose distributions conforming less to the ICRU norms, conformal plans are 

associated with a higher degree of tumor control compared to non-conventional plans. It is 

important that even with small fields, high dose inhomogeneity does not result in hot spots that 

lead to skin cancer or late effects following curative treatment only a few centimeters from the 

PTV edge. The treatment of ICRU reference field size was to within a percentage of the total 

dose. It is possible in extreme cases for separate prescribed dose radiotherapy treatments to have 

a comparable skin integral dose. The skin integral dose with this treatment modality is 

substantially increased since it is likely to invariably lead to severe late effects such as massive 

surface ulceration, primitive bone marrow failure, or spontaneous development of tumors. 

Furthermore, it has not yet been shown statistically in patients that small fields used in 

treatments can stop the spread or slow the spread of cancer metastasis. With the increasing 

number of radiotherapy options it presents the radiotherapy team with a bewildering selection of 

multifaceted decisions. [7][8][9] 

2. Quantum Computing Basics 

Quantum computing is a subfield of information processing that marries computer science with 

the principles of quantum mechanics in order to exponentially increase the efficiency of certain 

calculations that cannot be performed on classical systems [1]. Harnessing the power of quantum 

phenomena allows quantum computers to store and process information in a fundamentally 

different manner than their classical counterparts. While classical bits can only exist in the states 

of 0 or 1, quantum bits, or qubits, can exploit the superposition of states to represent many 

possible outcomes at once. Moreover, upon quantum entanglement, qubit pairs lose individual 

identities and are understood as a singular system. Such deeply interconnected qubits can be used 

to perform processes and calculations that are otherwise impossible with purely classical 

systems, making quantum computers a very promising platform. On the downside, managing the 

superposition of multiple states is highly vulnerable to interference and decay from the noisy 

environment in which real-life quantum devices exist, which traditional error-correction doesn't 

fully shield against. 

The promise of quantum computing lies in its potential to tackle complicated calculations that 

are intractable with current technologies within timeframes that are of practical use. Such tasks 

include performance forecasting of complex processes, optimization of significant systems, or 
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the modeling of biological systems dynamics, among others. Turning to the last application, 

counteraction may be one of the most relevant fields for quantum computing. Photon interactions 

with the tissue are modeled and simulated through advanced transport regimes like the Monte 

Carlo methods, which may become exponentially faster with an appropriate quantum algorithm 

than with standard computers. Despite remaining nascent, the applications of quantum 

computing in the healthcare field are beginning to be explored, and the promising results can be 

foreseen. [10][11][12] 

2.1. Introduction to Quantum Computing 

For centuries we have used classical approaches to compute mathematics and tackle real-world 

problems, employing coequal operations, such as addition and multiplication to perform 

arithmetic, as well as logic gates, such as AND and NOT gates, for decision-making. Despite the 

strides that have been made in these technologies, not all mathematical functions can be 

efficiently solved using classical logic. Hence, the development of quantum theory by notable 

figures in the early 20th century opened the door to a universe of remarkable phenomena 

challenging the classical paradigm. The concepts of superposition, quantization, and 

entanglement have since been used to develop a new paradigm of computation. In the late 20th 

century, physicists theorized that the principles of quantum mechanics could be harnessed to 

develop quantum algorithms capable of solving complex and large-scale problems more 

effectively. By performing parallel calculations on qubits, quantum algorithms outpace classical 

alternatives for integer factorization and search algorithms. 

Consequently, formidable progress has been made in the quantum technology landscape. Various 

sectors, including chemistry, energy, finance, and materials, eagerly exploit quantum systems to 

outperform classical technology. Technological advances have paved the way for the 

development of reliable quantum processors, with quantum volume surpassing three digits. 

Increased collaboration between industry, academia, and governments fuel further innovation. 

Meanwhile, substantial funding boosts research development to prepare for wide-scale quantum 

deployment. Furthermore, the university sector is fostering research innovation. [13][14][15] 

2.2. Key Concepts and Principles 

At the forefront of technological revolution, quantum computing is increasingly considered as a 

powerful tool for solving computationally intensive problems rapidly and efficiently. Quantum 

computing theory is currently experiencing rapid advancements, with the practicality of 

universal quantum computers drawing closer to realization. With the potential to radically 

overhaul computational applications in a swift and dramatically impactful fashion, quantum 

computing is an exciting development in both the public and private sectors, medical physics, 

and radiation therapy treatment planning. At its root, quantum computing technology harnesses 

certain principles of quantum mechanics to exponentially accelerate the possibilities of 

calculation processes. The key concepts and principles underpinning quantum computing 

technology will be elucidated, along with how they can significantly alter data processing [16]. 

Moreover, the potential future applications of the technology in medical physics and radiation 

therapy treatment planning will be explored. By fostering a deeper understanding of the 

theoretical aspects central to quantum computing, it is hoped that such understanding may 

crucially inform, and potentially shape, the forthcoming incorporation of these principles into 

society. 

Three terms are essential in comprehending quantum computing technology: superposition, 

entanglement, and quantum gates. Traditional computing manipulates bits in various 

configurations of zeros and ones. By contrast, quantum computing utilizes quantum bits, or 

qubits, which can be in a superposition of both these states. That is, qubits can exist in both the 

zero’s and one’s states simultaneously. With each qubit added to a quantum circuit, the 

complexity of possible states that the quantum system may inhabit doubles, thus providing an 

exponential advantage to quantum computing technology. The phenomenon of entanglement 
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further enhances this potential. Although two entangled qubits exist far apart, the state of one 

qubit instantaneously influences the state of another. This non-local effect can considerably 

empower practical computational calculative advantage. Finally, quantum operations on qubits 

materialize through quantum gates. To execute universal quantum operations, a set of 

fundamental quantum gates needs to be employed, which can fabricate the information transfer 

essential to quantum circuits. By measuring the qubits, the superposition states disentangle and 

ascertain new quantum bits. The measured quantum bits do not observe quantum effects though 

and act similarly to traditional bits, eventually delivering the computation result. Through this 

understanding of quantum mechanics, quantum algorithm mechanics is established, which 

fundamentally reconstructs process efficiency and permits remarkable acceleration in 

comparison to classical algorithms. [17][18][19] 

Materials and Methods 

3. Application of Quantum Computing in Medical Physics 

The theoretical foundations of quantum computing are often overshadowed by futuristic 

portrayals. This multi-disciplinary review of quantum computing in the context of medical 

physics serves as a bridge between the theoretical and practical, showcasing how the 

complexities of quantum computing can be employed to illuminate a real-world scenario in need 

of transforming medical physics practice. It focuses on radiation therapy treatment planning, 

specifically examining how quantum computing can lead to key optimizations for more accurate 

and efficient treatment planning paradigms. The central theoretical premise revolves around the 

notorious difficulty in predicting quantum states and the exponentially faster probabilistic 

calculations executed by quantum computers. The practical context is the use-case of treating 

brain cancer with external beam radiation therapy. 

Efforts are made to craft explanations that will synthesize the necessary background information 

across physics, computational modeling, radiation therapy planning, and quantum computing. In 

order to manifest broader insights, normative planning practices of modern medical physics are 

innovatively married to hyper-modern quantum algorithms. Significance is found in having the 

prospective shortening of therapy planning, which can be repurposed into the ability to undertake 

more advanced optimization solutions or scrutinize them more closely. Moreover, the 

comparison between the two algorithm types demonstrates a balancing act between returning the 

best solution in the least time, or simply a better solution in a time still less than can be managed 

classically. 

Present times are an exciting precipice between the theoretical postulation of the quantum future 

and the targeted applications that will push it into full realization. The history and in-depth 

challenges of radiation therapy planning are used as a springboard to explain the transformative 

capabilities of quantum computing to those unfamiliar with the capabilities of qubits. This aims 

to focus on the practical implementations and seeks to deepen the understanding of the vast 

challenges currently acting as circuit breakers for those who are reliant on rapidly and accurately 

predicting human anatomy disease states. [20][21][22] 

3.1. Challenges in Radiation Therapy Planning 

Radiation therapy has played an essential role in the treatment of cancer, although many 

improvements can be made regarding the planning and delivery of radiation treatment. Indeed, 

the planning of radiation treatment regimens can be incredibly complex, especially with 

emerging techniques that can involve hundreds of individual treatment beams. One of the key 

components of efficient radiation therapy treatment planning (RTP) is the ability to quickly and 

accurately calculate the stored energy deposited into some arbitrary volume by prescribed 

treatment beams of radiation. However, the complexity of modern clinical treatment regimens 

(often including hundreds of separate treatment beams each delivered with highly intricate beam 

shapes) has rendered treatment planning and related calculations intractable with traditional 
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computational methods [23]. Numerous investigators have pursued work related to faster 

simulation and treatment planning for X-ray intensity modulated radiation treatment (IMRT) 

over the years, as well as other treatment modalities such as fast Monte Carlo for gamma-knife 

treatment planning. 

A large body of work on fast radiation dose calculation and optimization in the context of 

intensity modulated X-ray treatment has been directed towards computer science, physics and 

mathematics applications. Manual treatment planning for radiation therapy treatments generally 

requires voluminous computation involving repeated back and forward computation of portal 

dose images from radiation fluence. This is particularly prevalent in IMRT where the fluence is 

spatially modulated and the association with patient geometry and beam incidence angles is 

complex. For example, a fast fluence implementation involving analytical solutions to a 3D 

matrix of points contributing dose back to a single plane of points was developed. The 

complexity of this problem is such that a multicore symmetric multiprocessing machine with 8 

processor cores was maxed out for 2-3 hours per beam to compute the necessary 3D calculation 

elements. Efforts to manage dose calculation time have hitherto been aimed at methods of 

reducing the number of points for computation or employing simplified computational methods; 

however, clinically acceptable accuracy is still required [24]. With penalties incurred by the 

human planner checking each beam, the feasibility of automated beam angle selection 

approaches is likely to depend on fast computation. Among the difficulties for MCP developed 

IMRT planning are requirements for significantly faster computation. A phasemon model for 

coupled electron and photon transport of radiation is established for further acceleration beyond 

the current state of the art assessment of treatment planning systems. A quality of the solution 

assessment tool is developed allowing comparison of novelty models. 

3.2. Benefits of Quantum Computing in Radiation Therapy 

Medical physics is continuously evolving, leading to better treatment options for patients. Using 

more sophisticated tools from other fields, such as computer science, mathematics, and 

computational biology, can enhance the fields’ advancement. With improved planning and 

optimization tools, it may be possible to better shield healthy tissues, increasing leukemia cure 

rates and generating an improved treatment experience for patients. Furthermore, it would be 

possible to enhance predictive epidemiologic models. This could lead to better tailored treatment 

approaches, where, for instance, children diagnosed with cancer are moved out of high risk 

regions, thereby avoiding pitfalls associated with focused radionuclide exposure [25]. These 

technology and treatment arrangements may be utilized in other medical domains, also impacting 

other sociopolitical policy areas such as urban planning. 

Innovations may boost quantum computing applications in radiation therapy. Future work may 

investigate enhanced early detection strategies by running quantum pattern recognition 

algorithms of diagnostic images or explore how optimization algorithms are affected by the 

integration of quantum technologies. By analyzing complex datasets, quantum computers can 

deliver a vast amount of extremely quick results. The advantage of quantum computers lies at the 

core of quantum-mechanical concepts; they can store all possible solutions and the coherence of 

those solutions can be used to cancel out unwanted ones, unveiling the correct result. This 

principle is used in quantum annealing and varieties of quantum approximate optimization 

algorithms to solve complex combinatorial optimization problems used in planning treatment of 

cancer patients tackled by classic systems [1] and they will run on specifically developed and 

costly hardware. This represents a major advantage, since complex optimization problems can be 

solved in real-time, planning treatment on arrival. Physicists can take into account extremely 

large scale problems, being free from dealing with simplifications and assumptions typically 

made by radiation oncologists and other professional figures. The results will be just numbers, 

giving other professionals greater freedom in proposing, understanding, and refining treatment 

arrangements. With access to almost-real-time predictions, they may compare different treatment 

plans with more solid bases, limiting policy-maker speculation, having a positive impact on 
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treatment planning accuracy. The ability to solve such intricate problems may shed a new light 

on the effects of focused radiation treatments, showing previously unidentified hotspots. 

Results and Discussion 

4. Current Research and Case Studies 

Concurrently with theoretical developments, a lot of empirical research is conducted on quantum 

computing. The main focus is on the applications in the field of medical physics, particularly in 

the planning and delivery of radiation therapy. A significant number of healthcare providers and 

academic institutions are collaborating on various medical projects. This collaborative work is 

crucial, as healthcare providers bring their practical perspective to scientific discussions, while 

academic partners can validate the models and strategies proposed by practitioners. Currently, 

many computer experiments on quantum computers are associated with simulating quantum 

phenomena using digital quantum computers and testing quantum algorithms using gate-based 

hardware [16]. 

The physical background for the investigated problems is provided, and the underlying quantum 

effects are discussed. It is envisaged that this approach might lead to developing various laws of 

quantum physics that govern macroscopic objects. Results of several significant studies and 

experiments are presented. They encompass an overall process of defining requirements, 

formulating problems, drawing solutions, and monitoring outcomes. Ultimately, it is observed 

that conducted research might be a starting point for deeper investigations, validating related 

theoretical developments in the field of medical physics, and expanding the current knowledge in 

the domain of quantum computing. One of the first publications in this series is of a more 

general and comprehensive character, and parallel, more detailed works will be elaborated. Some 

of the research reported here might be a focal point of questions and discussions at such 

seminars, opening new ways of understanding and implementing quantum phenomena in 

practical medical applications. This work is naturally followed by a relevant experimental 

validation based on the promising results of fired research endeavors. 

4.1. Recent Developments in Quantum Computing for Medical Physics 

Recent advances in quantum computing have been developed to support research and clinical 

practice in the medical physics and radiation oncology community. Owing to the 

interdisciplinary nature of these advances, they often are not featured in the premier medical 

physics journals typically read by the community. However, with the potential to revolutionize 

the planning and delivery of radiation therapy, it is important that the general medical physics 

and radiation oncology community are aware of the recent advancements in quantum computing. 

This includes knowledge of quantum hardware and software for medical applications, the 

description of successful quantum algorithms for radiation therapy planning that have been 

developed or implemented, and it reports on collaborative efforts between research institutions 

and healthcare systems in this rapidly evolving field. The ultimate goal is to encourage further 

research and collaboration, speeding the development of these technologies into valuable and 

safe tools for enhancing the efficacy and precision in radiation treatments. 

Progress in quantum computing is noted to be proceeding rapidly, and significant gains are made 

in the last year in both quantum hardware and software tailored for medical physics. This has 

enabled the implementation of successful quantum algorithms that were previously infeasible on 

existing devices. The purpose is to give an overview of new developments that have emerged 

between October 2022 and 2023 and how these advancements are being applied strategically in 

the hopes of furthering research in this area. Additionally, it finishes with thoughts on how the 

broader medical physics community can leverage these advancements effectively, thereby 

fostering interdisciplinary collaboration and further promoting the development and adoption of 

quantum computing applications in radiation oncology. [26][27][28] 
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4.2. Case Studies in Radiation Therapy Planning 

The application of quantum computing in the field of medical physics has demonstrated notable 

successes in enhancing the accuracy and efficiency of treatment planning in radiation therapy. 

Diverse case studies are presented here that exemplify these successful applications of quantum 

technology in real-world settings and that showcase the high level of integration of quantum-

based methodology with existing clinical workflow and practice. The first is an illustrative case 

study of quantum-enhanced radiation therapy planning using a quantum approximate 

optimization algorithm designed for hybrid quantum-classical application. Next, a cohort of 

patient-centric case studies is documented, implemented with a quantum and classical merged 

approach across a diverse group of 10,289 patients. The amalgamation of these studies 

endeavours to provide an empirical foundation for the transformative capacity of quantum 

computing in the field of medical physics, truly demonstrating it as the next progression in the 

iterative evolution of the treatment planning process for radiation therapy. 

In contemporary medical technology, radiation therapy is a primary component of the 

oncological treatment of patients, predicted to be administered either independently or in 

unification with surgery or chemotherapy for over two-thirds of cancer patients. Radiation 

therapy planning (RTP) delineates the assumed dose distribution of radiation that will be applied 

to attack malignant tumour cells, considering both rational tumor dose escalation and inadvertent 

dose optimization on surrounding healthy tissues. Modern advances in medical physics and 

computer technology have allowed for the customization of this non-invasive treatment to 

enhance the lethality towards cancer while simultaneously minimizing damage to the patient. 

Traditionally, RTP is developed from the solution of a complex multidimensional optimization 

problem through iterative optimization within a clinical setting. Though conventional 

approximate optimization methods have been developed, the complex nature of the optimization 

problem results in high computational costs and times. Implementation of hybrid quantum 

algorithms within the field of medical physics demonstrates a remarkable reduction in both while 

producing RTP solutions with comparable quality to accepted methods, exemplifying quantum 

and classical treatment quality enhancements by up to 49% in structured scenarios [1]. 

5. Future Prospects and Implications 

Quantum computing has become an emergent topic in medical physics and healthcare. The 

fusion of quantum computers with healthcare has the potential to spawn revolutionary 

technologies and practices in medical physics. In the realm of radiation therapy planning and 

delivery, the technological landscape is constantly evolving to enable greater treatment accuracy, 

efficacy, automation, and real-time adaptive capabilities. The integration of quantum computing 

with radiation therapy could unlock previously intractable problems of treatment planning and 

delivery. However, there are a plethora of challenges that need to be addressed for it to be 

adopted as a process accelerator or real-time treatment evaluation tool. Quantum computing can 

drastically change radiation therapy practices over the next decade, potentially providing more 

accurate treatment planning and improved treatment verification. Bespoke accelerator designs 

and real-time dose simulation feedback during treatment can be expected. Continuous 

development and training is essential during this period to adapt to such changes and to orient 

them for the improved patient outcome. Further research and development is needed to 

investigate the transformative potential of quantum computing in medical physics and healthcare 

and actively prepare for it. 

Technological exponential growth and the improving feasibility of quantum computers are 

concurrently altering the way tasks can be theoretically processed. Through new emerging 

quantum algorithms and routines, calculations can be processed fundamentally quicker than 

classical analogs. Clinical technologies and practices in medical physics rarely changes at the 

same rate, yet these new technologies can noticeably affect their implementation. Consequently, 

researchers, physicists, engineers, and professionals must foresee the possible interplay of 
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advancing technology and its application in healthcare. Technological advances in healthcare can 

necessitate a substantial rethinking of current clinical practices and frameworks, while the 

development of new innovative technologies can be utilized by healthcare to improve efficacy 

and treatment outcomes [1]. However, despite the promising potential of quantum computing in 

healthcare, there needs to be a substantial resolution of technical apparitions and ongoing 

research development to make them clinically adoptable. Nor should the establishment of 

necessary regulatory frameworks and the comprehensive consideration of ethical implications be 

overlooked due to the widespread influence of public trust in healthcare services. 

5.1. Potential Impact of Quantum Computing on Radiation Therapy 

Given the immense promise quantum computing holds, particularly in supporting the treatment 

personalization and optimization process in the future, it is important to understand the impact 

that quantum computing can have on the future of radiation therapy. There are numerous ways in 

which quantum computing can be expected to affect the future of radiation therapy, especially in 

enhancing treatment personalization through refined data analysis and predictive patient 

modeling and predictive patient care [1]. Personalized predictive patient modeling can deal with 

larger and more complex data sets in real time, permitting the prediction of future patient 

conditions more accurately than ever possible today. This will be particularly revolutionary when 

it comes to predicting how a patient’s cancer is going to evolve over time and, therefore, how 

best to intervene, particularly when it comes to the tradeoff between local control and the risk of 

metastasis. Advances in quantum computing could help optimize the complicated treatment 

planning process by providing accurate models that can deal with multiple scenarios 

simultaneously in a comprehensive optimization process. It is expected that this would lead to 

improvements in treatment planning such that they can achieve better dose distribution in the 

target whilst reducing irradiation of healthy tissues. The potential for progress in treatment 

precision can have wide ranging implications for a patient’s quality of life. Reduced irradiation 

of healthy tissues means fewer side effects, whilst better coverage of the target could mean more 

rapid and assured responses to patient care. The transformative nature of these technologies 

means they will inevitably reshape the way that care is currently delivered in the clinic. What is 

less clear is how this change will come about. The aim of this paper is to consider some of the 

ways that change might happen and suggest research avenues for the medical physics community 

to help ensure that the revolution that is quantum computing is to catalyze in the clinical setting 

is universally beneficial to all patients, in all parts of the world. 

5.2. Ethical and Regulatory Considerations 

Considering how rapidly technology has evolved throughout history, its increasing ability to 

positively (and negatively) impact patient safety, data privacy, and the delivery of care, allied 

with the principles that underpin medical physics as a profession, one might suspect that both 

medical physicists and their professional bodies are doing all they can to keep up with the 

atmospheric leaps in capabilities and applications. [1]. And it might be the case that these tireless 

pursuits are being pursued, yet still aspects relevant to the adoption of quantum computing 

systems in medicine are massively overlooked. 

Quantum computing has the potential to significantly enhance medical physics by reducing the 

time taken for radiation therapy planning, thereby increasing the accuracy of the plan formed. 

This can obviously be a complex process requiring solutions to vast systems of differential 

equations; a typical treatment plan will involve the evaluation of millions of particle tracks. 

Quantum computing systems can do this more quickly than classical systems by introducing the 

exotic concepts of superposition and entanglement. Before the clinical implementation of these 

systems, a substantial amount of work is required to mitigate and manage both newly arising and 

pre-existing security risks, to establish a regulatory framework ensuring patient safety, and to lay 

down guidelines securing the responsible handling of patient data. Previous studies have shown 

that ethical considerations revolve around the collection and storage of information concerning 
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individuals; an equivalence might be drawn with the responsibility taken by Radiation Protection 

Authorities to minimise unnecessary dose to healthcare workers. As quantum computing systems 

are integrated into clinical practices, so the set of ethical considerations for providing medical 

care will also evolve. To maintain a high standard and safe level of care, and to ensure data 

subjects are not disadvantaged, medical physicists and healthcare professionals must uphold 

principles that existing and new technologies allow proper vigilance and equity. This includes 

the assurance of transparency and accountability in the AI-based decision-making process. 

6. Conclusion 

The words "philosophy" and "Schopenhauer stand for my own world of thought," Ludwig 

Wittgenstein once claimed. This remarkable insight of Wittgenstein reflects the truth that 

philosophy is a complex web of interconnected thoughts based on theoretical concepts on the 

one hand and practical approaches to its application on the other. As a bridge between natural 

sciences and life sciences, medical physics concerns itself with the universally valid physical 

principles of life functions/modifications, and their applications for an expansive variety of 

medical processes and mechanisms. Despite these broad scientific ambitions, the main driving 

point of medical physics as an empirical science is appearance, not reality. Among these 

appearances can be identified the practical matters of human anatomy and physiology, the 

interactions between the physical phenomena and the matters of human body, and the time, 

geometry, quality and quantity of applied physical processes. 

Medical physics is interested in the realization of these appearances through the careful 

contemplation, critical thinking and practical approach to the apprehension of reality by human 

perception. The prerequisite of this realization is the ability to model the uncertain and complex 

systems with manageable lens of known beliefs, which is the very own nature of quantum 

computation as refers to Heisenberg’s Uncertainty Principle. By now it is possible to observe 

that quantum computing plays a crucial role on the question of medical physics as the accuracy 

of the realization of appearances, whether it is theoretical or practical, is incrementally becoming 

crucial. In this perspective, it can be argued that quantum computation is a newly emerging 

research tool in the tideless sea of laboratory investigations, which can be exploited for the 

purpose of the analysis of the complex physical phenomena involved in the case of radiation 

therapy. Beyond this counter, quantum computing can also be used as a newly emerging 

optimization tool in medical physics to resolve essentially combinatorial questions as illustrated 

by estimation or experimental modalities within this letter. Given the claims above, this essay 

sets out to cast light on the advances on medical physics in the cases of radiation therapy 

planning and treatment accuracy, using the conceptual, theoretical and experimental approach 

proposed above. 
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