Q Qeios, CC-BY 4.0 - Article, September 17, 2024

Open Peer Review on Qeios

REVIEW ARTICLE

Medical Physics and Cancer Treatment: Enhancing
Precision and Efficacy

Hany Akeel Al-Hussaniy'

1 University of Baghdad

Funding: No specific funding was received for this work.

Potential competing interests: No potential competing interests to declare.

Abstract

Background: Medical physics plays a crucial role in the diagnosis and treatment of cancer, primarily through the
application of advanced imaging and radiation therapy techniques. As cancer treatments evolve, there is an increasing

need for precision and efficacy to improve patient outcomes and minimize side effects.

Aim: This study aims to explore the advancements in medical physics that enhance the precision and efficacy of
cancer treatments. Specifically, it examines innovations in radiation therapy, imaging techniques, and dosimetry to

understand their impact on patient care.

Method: A comprehensive review of recent literature and clinical studies was conducted, focusing on the application of
medical physics in cancer treatment. Key areas of investigation included the development and implementation of
intensity-modulated radiation therapy (IMRT), image-guided radiation therapy (IGRT), stereotactic radiosurgery (SRS),
and advancements in dosimetry. The review also assessed the integration of artificial intelligence (Al) and machine

learning in treatment planning and delivery.

Result: The findings indicate significant improvements in treatment precision and patient outcomes. Innovations such
as IMRT and IGRT have enabled highly targeted radiation delivery, sparing healthy tissues and reducing side effects.
SRS has shown efficacy in treating small, localized tumors with high doses of radiation. Enhanced dosimetry
techniques have improved the accuracy of dose calculations, ensuring optimal treatment plans. The integration of Al

has further refined treatment planning, allowing for personalized and adaptive therapies.

Conclusion: Advancements in medical physics have substantially enhanced the precision and efficacy of cancer
treatments. These innovations not only improve patient outcomes by delivering more effective and tailored therapies
but also minimize adverse effects, contributing to better quality of life for cancer patients. Continued research and
development in medical physics are essential to further refine these techniques and explore new frontiers in cancer

treatment.
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1. Introduction

Physics is the scientific discipline that seeks to understand and then to apply the fundamental laws that govern the
physical, chemical and biological activities of the natural world. Fundamentally, the application of principles of physics
constitutes the origin and intangible basis of the technologies that are employed by human culture 1. Its strong
conceptual underpinning and technical know-how enable the development of modern, state-of-the-art technologies, some
of which have revolutionized the fields of medicine and the life sciences. Physics has played a major role in the
development and delivery of the advanced, precise and localized health care services that are provided by a modern
cancer treatment center. This paper provides an overview and introduction to the principles that underpin the field of
medical physics, in particular, as it is applied to the sophisticated care of cancer patients. A cancer treatment center
typically contains an array of sophisticated technologies. These include state-of-the-art imaging devices to detect, locate
and assess tumors inside the patient's body. The treatment armamentarium also contains complex and powerful radiation
generators and particle accelerators, equipped with advanced delivery devices, to eradicate the tumors in diverse,
powerful ways. In addition, the patient may be treated with radionuclides, which are produced in a cyclotron and tagged to

a pharmaceutical agent, through the treatment and imaging capability of nuclear medicine 23],

2. Method

A comprehensive review of recent literature and clinical studies was conducted, focusing on the application of medical
physics in cancer treatment. Key areas of investigation included the development and implementation of intensity-
modulated radiation therapy (IMRT), image-guided radiation therapy (IGRT), stereotactic radiosurgery (SRS), and

advancements in dosimetry. The review also assessed the integration of artificial intelligence (Al) and machine learning in

Qeios ID: 525KQR - https://doi.org/10.32388/525KQR 2/13


mailto:Hany_akeel2000@yahoo.com

Q Qeios, CC-BY 4.0 - Article, September 17, 2024

treatment planning and delivery.
3. Result

3.1. Fundamentals of Radiation Therapy

In 2004 alone, it is estimated that 1,368,030 individuals in the United States developed cancer, and 1 in 3 individuals living
in the United States will develop cancer during their lifetime. Many of these individuals can be treated by radiation therapy.
It is used in the treatment of 60% and definitive treatment of 40% of all cancer patients. Overall, 50% of cancer survivors
were treated with radiation therapy. The goal of radiation therapy is to deliver high doses of radiation to tumor sites while
minimizing the dose to adjoining normal tissues. It can reduce the risk of local recurrence with potential palliative benefits,
preserve quality of life by alleviating adverse symptoms, and shorten the treatment time. The expected number of new
cancer cases is increasing by about 1% per year. However, the cancer death rate is decreasing thanks in part to the

advances in the diagnosis and therapy, including radiation therapy, within the medical community 4.

Radiation therapy is used in the treatment of more than 60% of all cancer cases in the United States. Over the past
decade, it has transitioned from 2- to 3-dimensional treatment planning, and it is now becoming common practice to
perform treatment planning on a 4-dimensional dataset. The next major advance in radiation therapy will be the ability to
utilize these 4-dimensional datasets for treatment delivery to ensure that treatment responses can be correlated with the
locations of the targets and normal tissue structures to predict the outcomes of future patients. Medical physics and
engineers play a vital role in the advancement of radiation therapy in the treatment of cancer. They provide the technical
and physics support needed to implement and develop new clinical medical procedures such that the cancer patient can

receive the best possible treatments available [PI°!,

Types of Radiation Used in Cancer Treatment

There are two common types of radiation used in cancer treatment: X-rays and particle beams. X-rays and gamma rays
are popular for their ability to deeply penetrate tissues when they are emitted from sources at long distances. The levels of
energy are also easily controlled for therapeutic means. On the other hand, particle therapy machines produce particle
beams, such as protons, carbon ions, and helium ions. Particle beams have a depth-dose distribution pattern
fundamentally different from X-rays. As X-rays transit through tissues, they deposit their energy slowly in the tissues,
reaching a maximum dose at the location of the tumor itself - one-third of the dose is deposited within the tissue of the
patient entering the target and two-thirds of the dose in the patient exiting the tumor. This feature delivers unintentional

doses to healthy tissues, significantly increasing the risk of late side effects [/€],

The X-rays and gamma rays used in cancer treatment affect cancer cells by damaging the genetic material inside the
cells, making it impossible for them to continue multiplying. While most normal cells in the targeted area will also be
affected, they are able to repair themselves in a way that cancer cells cannot. Additionally, advanced machines can

deliver distinctive doses to different parts of the tumor and offer a highly targeted approach to cancer treatment. This level
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of precision is due to the physics behind different types of radiation that are used for treatment at medical and biological

heights [!,

Radiation Dose Calculation and Delivery

In this adversarial therapeutic setting, the fundamental constraints upon the radiation therapy design are derived from
biological and physical considerations. Calculation-based radiation treatment planning (RTP) designs current treatment
fractions (dose) and beam arrangements (delivery angles) to focus the 11D at the cancer cell within a well-defined tumor
volume. These designs result in optimal normal (non-cancer) tissue sparing, therefore the greatest therapeutic efficacy.
The current medical constraints in this competitive practice are the known three-dimensional distribution of the target
lesion from the body's surface, the known three-dimensional structure of normal tissues and organs at risk (middle layer),
tissue and organ optical density, boundary definable interface changes in the oncology patient, targetability of cancer cell

nodules within the target lesion, as well as the design allowances of the chosen radiation delivery device ['%],

Radiation therapy delivery systems aim high-energy ionizing radiation at a tumor cell to kill it. Ideal irradiation (IID) targets
the cell with a very high dose of ionizing radiation while protecting the surrounding tissues and organs from the side
effects of internal (often in close proximity to a metastasizing lesion) as well as exit radiation to and from healthy
structures. The overall goal is to maximize the tumor control probability while minimizing the high-grade complications.
Radiation therapy utilizes high-energy photon (X-ray) and particle beams for two different applications of ionizing radiation
in the cell, direct ionization and radiation-induced free radicals or chemical damage in the cancer cell's DNA strands.
Radiotherapy recognizes the fact that a cell's most vulnerable time is just before cell division therefore attempts to focus
the ionizing radiation dose on the cell at its most defenseless moment whether it is hypoxic or well-aerated (aerobic) which

greatly change the DDR to damage !''].

Role of Imaging Techniques in Cancer Diagnosis and Treatment

Imaging plays the most important role in the treatment of cancer, as 60% of cases are treated with ionizing radiation.
Various imaging techniques like CT, MRI, PET, and at times interventional radiology, mainly angiography, play a crucial
role in the precise planning of treatment. Throughout the continuing advances made by researchers, the disciplines of
diagnostics, surgery, and radiation and drug therapy are sharing in the development of new, less invasive methods for
detecting small hidden cancers or characterizing the cellular properties of larger cancers. In diagnosis, these new
techniques can significantly reduce patient morbidity, convalescence time, and thereby recovery time. For cancer therapy,
they enhance the precision and efficacy with which surgeons, radiologists, and clinicians achieve the goal of tumor

ablation with minimal side effects to the patient [2].

When a patient is suspected of having cancer, one of the first steps in diagnosing the patient involves the use of imaging.
The first form of imaging that is typically done is an X-ray. An X-ray is particularly good at diagnosing lung cancer. If the
patient has something suspicious on their X-ray that suggests cancer, then the patient will get a CT scan. A CT scan is

more sensitive than an X-ray and does a better job determining whether a lung nodule is solid or hollow, as well as if the
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nodule measures less than 1cm or more than 1cm. A patient can also receive an MRI as part of cancer imaging

assessment or fellowship 13,

3.2. X-ray Imaging

Mammography is a high X-ray attenuation imaging, where additional specific contrast between cancer and healthy tissue
adds contrast-enhancing agents, typically a substance that interacts with the body's endocrine system. The most
widespread application of mammography is detection, diagnosis, and examination of breast cancer in women, but in
addition to human imaging processes, X-ray study of breast cancer has also been applied to other mammalian species,
including mice, which are widely used in cancer research. With X-ray imaging, 2-dimensional (2D) images provide useful
anatomical information for early breast cancer diagnosis. Computer tomography X-ray mammography, 3-dimensional (3D)

images are reconstructed, which have superior diagnostic value ['4],

The use of X-ray imaging in the treatment of cancer patients includes: planning imaging, which is used to focus and align
patients and to locate tumors and organs-at-risk, and verification imaging, where two-dimensional X-rays or three-
dimensional computed tomography (CT) are used to verify the position of a patient with respect to the treatment beam.
The most commonly used energy for treatment planning is in the 100-200 kVp range. In recent years, there has been
significant interest in using higher X-ray energies to improve both the visibility and the tissue oxygenation sensitivity for

lung and heart tumor radiotherapy, where lung and heart movement in the chest cavity can be very significant [14].

Computed Tomography (CT)

This capability of the technology also provides details of small, non-spherical lesions and field uncertainties that can be
examined in the physical dose information PA dataset. This can be used to, for instance, derive some kind of patient setup
error statistic, that in turn will give a set-up direction-specific probability distribution of patient organ and line of sight error.
The probability that a treatment area is in the set-up error neighborhood with the patient is called in fact the "discriminator”
properties of the CT scanner and purchase repository. The "discriminator” properties are valuable in that they allow the

couch calibration at CT and any associated treatment positioning localization to be tested ['°!.

X-ray computed tomography (CT) is based on a rotating gantry with an X-ray source separated from a rotating detector by
a set distance. The shaft (previously lead and cog) rotates, directing radiation along the scanning plane where a thin x-ray
beam penetrates the patient. A prepatient collimator (sometimes referred to as a primary collimator or anti-scatter grid)
anti-scatters the x-ray beam source directed towards the patient to improve the image obtained the detector values. After
the fan-shaped radiation passes through the body, the transmission of radiation striking this from different directions that
are of concern is measured by the detector array. The computer calculator (immediately following) the transmission
profiles (these are called projections) into the cylindrical data analyzed that correspond to x-ray beams. Those profiles are

re-processed and named the "raw data" |16,

3.3. Advancements in Radiotherapy Techniques
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Over the past few decades, the continuous development of radiotherapy techniques has brought about a number of
challenges to medical physicists. In addition to the above changes in intensity-modulated radiotherapy (IMRT) technology,
as targeting accuracy becomes more and more demanding, stereotactic radiotherapy techniques (SRT) in radiotherapy
are widely used in almost all cancers in recent years. In response to rapid technological change, SRT is defined as the
use of radiotherapy to impose a large dose of radiation at accurate and pre-prescribed target body coordinates on one or
a small number of treatments and spread the clinical method. The SRT application technology includes Gamma Knife,
Linac, robotic radiation systems, and so on. In addition to advanced radiotherapy techniques for SRT, planning and
verification also have certain requirements. The rapid development of medical image processing and physics technology
poses a certain challenge for the development and training of relevant medical physicists. As the technology continues to
change, medical physicists must continue to improve their skills to ensure that they can continue to correctly use these
new technologies. With the further development and application of radiotherapy technologies, radiotherapy requires

increasingly sophisticated medical physicists to support the development and application of relevant technologies (171,

Dual-energy imaging (DE) significantly improves material decomposition. lts applications are limited in the clinic partly
because of increased radiation doses at DE imaging. In this simulation study, radiation dose reduction in dual-energy
imaging was investigated. To ensure similar imaging noise in the DE sinogram and to reduce its radiation dose, the
access-projection concept was utilized for the general case with a rectangular-shaped pencil beam. The proposed
approach thus provides a feasible and practical method to reduce radiation dose in emerging DE imaging technologies for
clinical applications without compromising image quality. Since the introduction of intensity-modulated radiotherapy
(IMRT), radiotherapy techniques have been increasingly evolving from single-field radiation to multi-field radiation to

achieve state-of-the-art radiation treatment [181.

3.4. Intensity-Modulated Radiation Therapy (IMRT)

In IMRT, a treatment plan specifying varied non-uniform radiation intensity traversing the patient at various orientations is
tailored by a highly advanced treatment planning software package. This plan adjusts the intensity of the radiation beams
to focus on the tumor only, while a lower beam intensity is directed to the surrounding areas with critical healthy
structures. These critically intense computer-designed treatment beams are delivered through a direct-delivery technique
exclusively for the treatment. Single photon beams or electron beams generated from a linear accelerator (machine) are
utilized. During the treatment only, MLC leaves are concomitantly or simultaneously shaping the radiation intensity from
each beam. This process eliminates the need of using physical compensators between the radiation beam and the
patient. Beacons in the radiotherapy treatment room automatically identify the patient's position, thus ensuring that the
MLC leaves perform the proper dynamic leaf motion to intercept only the planned radiation field delineated for the tumor
while avoiding critical tissues revealed within the volume of the 3D-CT image. Multiple radiation beams, optimizing the
intensity and shape of the dose distribution delivered from each beam, are employed. Each radiation beam should be
aimed from a unique angle of entry. Commonly, between five and nine radiation beams are programmed by the treatment
plan. IMRT is the most refined form of conformal radiation therapy. Its ability to sculpt a highly targeted dose distribution to

the tumor increases the duration and complexity to deliver a complete treatment. Providing the tumor with an anatomically
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customizable high absorbed radiation dose while substantially limiting tissue exposure to critical sensitivity, IMRT can be

curative to some tumors when other radiotherapy techniques may fail [,

3.5. Stereotactic Body Radiation Therapy (SBRT)

In conclusion, the recent development of medical physics and RT software allows a significant increase in the therapeutic
ratio of SBRT for patients with severe concomitant diseases in the treatment of early lung cancer. The high performance
of the RT equipment and use of modern software makes it possible to optimize the dose for the target volume, to perform
separate coordination and dose control for GTVPET and GTVCBCT, and reduce the dose for normal tissues and the
heart. Daily use of image-guided SBRT results in small fractions and a corresponding picture without complications of
level 3 or 4 CTCAE. The high expertise of a multi-disciplinary group of radiation oncologists, diagnostic radiologists,
physicists, and onco-surgeons is essential for the successful identification of tumors, treatment plans, and control of the
treatment course. It remains a priority for the development of interdisciplinary protocols for clinical trials of the

radiotargeted therapy optimization (20!,

Lung cancer remains the primary cause of cancer-related deaths both in men and women. This disease is diagnosed at
the advanced stage in the majority of the patients, where the planned treatments are surgery and radiation therapy (RT) in
combination with chemotherapy. The recent advances in medical imaging and RT techniques provide a possibility of
utilizing high doses and more effectively simulating the obtained dose for treatment of hypoxia at the tumor center.
Modern methods are stereotactic body radiation therapy (SBRT, SABR), intensity modulated RT (IMRT), helical
tomotherapy, and volumetric modulated arc therapy (RapidArc). At the same time, the use of image-guided radiation
therapy for patient positioning makes it possible to compensate for daily variations in the mass of air in the lungs, changed
position of heart mediastinal structures and tumor, and choose a more restrictive fractionation of the RT dose for normal
tissues, increasing the effectiveness and safety of RT by SBRT in terms of the low development of reactions of levels 3

and 4 CTCAE [20],

4. Brachytherapy: Internal Radiation Therapy

Meredith specializes in high-dose-rate (HDR) brachytherapy. In HDR brachytherapy, due to the short time the radiation
sources need to stay in tissue, all of the treatment doses can be delivered in multiple fractions over a few days to provide
a biologically effective dose as close to the remaining normal structure as possible and safely treat the highest dosage as
prescribed based on treatment planning. Consequently, in HDR brachytherapy, we have the freedom to use any
radioactive isotope suitable for the clinical purpose. For instance, 192Ir is commonly used for breast cancer, lung cancer,
esophageal cancer, gynecological cancer, and skin cancer. Former proton therapy patients have been treated
successfully and safely using HDR brachytherapy for any late return to available radiation therapy for any new cancer

diagnoses 211

Brachytherapy, which Meredith has practiced exclusively, is an advanced form of radiotherapy beyond x-rays, gamma
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rays, protons, and electrons. In brachytherapy, sealed sources producing ionizing radiation are placed in contact with or
within the vicinity of the tissue to be treated. Sources can be temporary or permanent. Temporary sources are inserted
into the body on an outpatient basis, either intracavitary or interstitial, to give the planned treatment dose while minimizing
exposure of the surrounding normal tissue. The sources are then removed from the site to minimize radiation exposure to
personnel and the community. Permanent sources, such as 1251 seeds for prostate cancer, are placed in the body with

low activity requiring no removal frame [°'].

5. Particle Therapy in Cancer Treatment

A more recent category of modern radiation therapy in the fight against cancer, the so-called particle therapy, has a
significant potential to improve treatment outcomes for many patients in terms of more conformal dose delivery to the
tumor, minimizing the integral dose to surrounding healthy tissues, as well as reducing the number of treatment sessions
and saving valuable time and resources in general. Several types of charged particles are used in therapy with extremely
encouraging results. In a logically cascading order, by the range of charged particle interaction mechanisms and physical
characteristics and the position of the Bragg peak, there are protons, heavier ions such as carbon or helium ions, and
pions. The main benefit of particle therapy is an exceptional conformal dose distribution due to a sharp dose falloff at the
end of range or so-called Bragg peak, which ensures sparing of healthy adjacent organs and tissues in comparison to
conventional X-ray or gamma-ray (photon) radiation. This is unique and indeed significant for certain cancer targets that
are close to critical radiosensitive structures [°l. A more recent category of modern radiation therapy in the fight against
cancer, the so-called particle therapy, has a significant potential to improve treatment outcomes for many patients in terms
of more conformal dose delivery to the tumor, minimizing the integral dose to surrounding healthy tissues, as well as
reducing the number of treatment sessions and saving valuable time and resources in general. Particle irradiation makes
use of the extremely steep peak of energy release dose versus depth curves for various charged particle beams, defining
a unique tool for irradiation that has no parallel regarding the physical mechanism for conventional radiation and thereby

certain short deficiencies of doses for currently available technologies (22!,

6. Role of Medical Physics in Treatment Planning and Dosimetry

Comprehensive dosimetry, reassuring patients and those around them at the treatment facility that no unnecessary
radiation exposure is received, requires sophisticated systems and a careful but brilliantly executed management plan.
Unique and coordinated teams, professionals, and state-of-the-art technology make advanced treatment planning and
dosimetry possible. Radiation therapy has evolved in many ways over the past century. Some of the most significant
modern-day impacts on the quality of care have been facilitated with the impressive developments of computerized
technology. Today the advance systems of incredible complexity are becoming the standard of care. In addition, the
evolution of radiation therapy delivery systems is closely coupled with the evolution and revolution in dosimetry and

treatment planning [241125],
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The pretreatment stage is where the complexity, subtlety, and significance of physics and mathematics in cancer
treatment come to the fore more than anywhere else. State-of-the-art treatment planning that is safe and accurate and
tailored to the disease of the individual patient is the foundation for accurate and precise radiation therapy. The individual
clinical treatment plan is unique to each patient, and the most critical step is to assure that the delivered dose to disease
is accurate and, at the same time, spares critical normal tissue. With radiation therapy, delivered doses that are
significantly different from planned doses may lead to failure of treatment, but to be really effective it is essential that any
side effects from the treatment are mild, transient when possible, and do not contribute to the clinical sequelae for
patients. This chapter introduces some of the methods used by the healthcare team to develop the clinical treatment plan
and how the professionals at the treatment facility assure that the treatment plan is safe, convenient, and accurately and

precisely delivered [2°].

7. Emerging Technologies in Medical Physics and Cancer Treatment

Functional magnetic resonance imaging (fDMRI) determines baseline performance with in-vitro 3D 3-axis motion analysis
showing reproducible functional lung volumes. Imaging techniques for the identification of lung tissue to monitor tumor
position and respiration-induced tumor range variation exist. A recent report of a non-invasive fiber optic reflectance
sensor for optical breathing detection during interventional MRI-guided RF-ablation of lung cancer showed variability from
baseline minute ventilation from 0.61 to 15.69 L and changes in FiO2 from 0.21 to 0.4, and EtCO2 from 32 to 38 mm of Hg
in end expiration and 37 to 50 mm of Hg in peak respiration. Treatment modifications should be made to account for
baseline variations. The summary contribution is that significant variability exists in baseline respiration to persuade
special attention to patient monitoring for MR-guided treatments. Shichi et al reported no radiobiological benefit in clinical
retrospective analysis between free breathing and breath hold for liver metastases irradiated with or without breath hold
gating. Repeated deep inhalation breath hold is used for stereotactic lung radiotherapy but Shimizu et al question tumor
instability at deep inhalation. Although dosimetric advantages exist for pencil beam scanning in gated lung treatments, a

displacement delivery technique can be accomplished without breath hold [26].

The evolution of medical physics has resulted in the refinement of radiotherapy techniques and a better understanding of
the pathophysiology of normal tissues and tumors. This has increased the therapeutic ratio, permitting irradiation of
continuously moving or vital tumors. These advances have included real-time image-based on-treatment dose delivery
and/or verification. Without a concomitant advancement in tumor motion management techniques, like motion-
encompassing treatments, gating, or tracking, real-time verification is difficult to achieve. Audio-visual biofeedback and
breath analysis have been used for the management of intra-fraction breathing-induced motion but have limitations like the
inability to identify the tumor, subjective variability, high intra-intra fraction baseline variations, and intermittency. Eyes
closed is the time when breath is regulated and reproducible, associated with T2 advertising relaxation and diaphragmatic

descent is the same as quiet natural breathing [25].

8. Atrtificial Intelligence in Radiotherapy Planning

Qeios ID: 525KQR - https://doi.org/10.32388/525KQR 9/13



Q Qeios, CC-BY 4.0 - Article, September 17, 2024

The realization of Al's potential in radiotherapy planning will come through its true integration into clinical practice following
randomized, controlled clinical trials on outcome changes from Al-based intensity-modulated radiation therapy as part of
the complex radiotherapy and concurrent chemotherapy and postoperative adjuvant chemotherapy. Al-augmented
radiotherapy will become the hallmark of personalized cancer treatment over time. As the pervasive interest in Al methods
continues to grow and mature in the medical image segmentation and classification field, clinically expert-adopted, Al-
augmented, quality-assured radiotherapy plans need to be developed to be compared and set against their clinical

planning expert-assisted companions 271,

Artificial intelligence (Al) has the potential to revolutionize our efforts in radiotherapy in the data-driven era. Technological
improvements and emerging trends in Al can now be readily incorporated into the practice of radiation oncology. The
evolution of Al has significantly extended and expanded the capabilities and applications of traditional statistical methods
by enabling the extraction of salient features and associations for improved pattern recognition and predictive modeling,
optimization, treatment planning, adaptive radiotherapy, and outcome prediction. This marks significant transformative
transitions of Al involving the progression from passive method call in model-driven functions to machine learning and

decision-making modules into fully self-sustained Al methods with abilities to design novel and effective strategies [°8].

9. Future Directions and Challenges in Medical Physics and Cancer Treatment

There are also many challenges which lie ahead. These are not only technical and scientific in nature, but also stem from
the capacity and knowledge needed to translate technology and science into benefits for patients. Research in cancer
treatment is indeed challenging, but it is also highly rewarding as it can deliver real improvements to cancer patients, in
terms of increasing cure rates, decreasing side effects and enhancing the quality of life in survivors. In the next two sub-

sections, we discuss the future directions and challenges in medical physics and cancer treatment.

In this article, we have outlined the significant contributions medical physicists have made and continue to make in
advancing clinical practice and research in cancer treatment. With the rapid improvements in technology and limitations of
traditional radiotherapy treatments, it is anticipated that the role of medical physicists in the radiotherapy treatment
process will become even more crucial. To maximize the potential of current and emerging technologies, the roles and
training of medical physicists are also likely to change. To ensure that medical physicists are contributing effectively to
meet the needs of clinical practice and research, their training curriculum, including clinical, research and professional

development, should be periodically reviewed 22!,

10. Conclusion

The integration of medical physics into cancer treatment has significantly enhanced both the precision and efficacy of
therapeutic interventions. Advances in imaging technologies, radiation therapy, and computational modeling have enabled

personalized treatment plans that maximize tumor eradication while minimizing damage to healthy tissues. Techniques
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such as intensity-modulated radiation therapy (IMRT), proton therapy, and stereotactic radiosurgery have revolutionized
the field, offering more targeted and effective options for patients. Moreover, ongoing research and development in
medical physics continue to push the boundaries of what is possible, promising even greater improvements in cancer
treatment outcomes in the future. As we embrace these innovations, the collaboration between physicists, oncologists,
and other healthcare professionals will remain crucial in translating technological advancements into tangible benefits for
patients. Through this interdisciplinary approach, we move closer to achieving the ultimate goal of not only treating but

also potentially curing cancer with precision and efficacy.
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