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 Abstract 

Cancer treatment has evolved significantly in recent decades, with advancements in radiotherapy 

and nuclear medicine playing pivotal roles in enhancing patient outcomes. Nuclear physics, with 

its application in various forms of radiation therapy, has led to the development of precise 

methods for targeting and treating cancer cells. This review explores the contributions of nuclear 

physics in cancer treatment, including the mechanisms of radiation therapy, the principles of 

different radiotherapy techniques, and the role of nuclear medicine in diagnosis and therapeutic 

interventions. We examine both external and internal radiotherapy techniques, the role of 

isotopes, advancements in medical imaging, and the future prospects of nuclear physics in cancer 

treatment. Despite the promising outcomes, challenges related to the precise targeting of tumor 

cells, minimizing damage to surrounding healthy tissue, and overcoming resistance to treatment 

are also discussed. 

Introduction 

Cancer remains one of the leading causes of death worldwide, with millions of new diagnoses 

every year. Treatment options for cancer include surgery, chemotherapy, immunotherapy, and 

radiotherapy. Among these, radiation therapy, powered by nuclear physics principles, plays a 

crucial role in the treatment of various cancers. Radiation therapy uses high-energy radiation to 

target and destroy cancer cells, while minimizing damage to surrounding healthy tissues. Over 

the years, nuclear physics has significantly contributed to the development of more accurate and 

efficient radiotherapy techniques, which have transformed cancer treatment. This review delves 

into the role of nuclear physics in cancer therapy, focusing on radiation therapies, nuclear 

medicine, advancements in technologies, and the future prospects of this field. 



Nuclear Physics Principles in Cancer Treatment 

Nuclear physics forms the foundation of several radiation-based cancer treatments. The 

application of nuclear physics principles in cancer therapy is primarily concerned with the 

interactions of radiation with matter. Ionizing radiation, which is used in radiotherapy, has the 

ability to remove electrons from atoms, creating charged particles (ions) that can disrupt cellular 

structures, including DNA. This disruption can lead to cancer cell death or inhibit their ability to 

replicate. 

1. Radiation Therapy 

Radiation therapy is one of the most common treatments for cancer. It works by using high-

energy radiation to kill or damage cancer cells, preventing them from growing and dividing. 

Radiation can be administered externally (external beam radiotherapy) or internally 

(brachytherapy). 

1.1 External Beam Radiotherapy (EBRT) 

External beam radiotherapy is the most widely used form of radiation therapy. It involves 

delivering high-energy beams, such as X-rays or gamma rays, directly to the tumor site. Nuclear 

physics principles are applied in the precise targeting and delivery of radiation through external 

beam techniques like intensity-modulated radiotherapy (IMRT), stereotactic radiotherapy (SRT), 

and proton therapy. Proton therapy, in particular, has gained attention due to its ability to deliver 

radiation with minimal damage to surrounding healthy tissues. The depth at which protons 

deposit their energy, known as the Bragg peak, allows for precise tumor targeting while sparing 

normal tissues (Schardt et al., 2010). 

1.2 Brachytherapy 

Brachytherapy involves placing radioactive sources directly inside or very close to the tumor. It 

is typically used for cancers of the prostate, cervix, and breast. Radioactive isotopes such as 

iodine-125 and palladium-103 are used in this form of therapy. The proximity of the radioactive 

source to the tumor ensures that the cancerous cells receive a high dose of radiation, while 



healthy tissue surrounding the tumor is exposed to a significantly lower dose. The physics of 

radioactive decay and the emission of gamma rays or beta particles are central to the success of 

this technique (Mourtada et al., 2016). 

2. Nuclear Medicine in Cancer Treatment 

Nuclear medicine utilizes radioactive isotopes to diagnose and treat cancer. Unlike traditional 

radiotherapy, which is primarily focused on delivering external radiation, nuclear medicine 

involves the use of radiopharmaceuticals—radioactive compounds that are administered to the 

patient and localized to specific tissues. 

2.1 Radioactive Isotopes for Treatment 

The use of radioactive isotopes in cancer treatment allows for targeted therapy, reducing 

systemic toxicity. For example, iodine-131 is commonly used in the treatment of thyroid cancer, 

where it is absorbed by the thyroid gland and emits radiation that destroys cancer cells. 

Similarly, radium-223 has been employed for the treatment of bone metastases, particularly in 

prostate cancer patients. The targeted nature of this therapy ensures a more focused delivery of 

radiation to cancer cells, sparing healthy tissue (Maitra et al., 2020). 

2.2 Positron Emission Tomography (PET) 

In addition to treatment, nuclear physics plays an essential role in diagnostic imaging techniques, 

such as positron emission tomography (PET). PET scans use radiolabeled compounds, such as 

fluorodeoxyglucose (FDG), to detect cancerous tissues. PET imaging provides crucial 

information about tumor size, location, and metabolic activity, allowing for the precise planning 

of treatment. PET is often used in conjunction with computed tomography (CT) to provide 

detailed anatomical and functional images of the tumor (Bailey et al., 2018). 

3. Mechanisms of Radiation-Induced Cancer Cell Death 

The therapeutic effect of radiation on cancer cells occurs through two primary mechanisms: 

direct and indirect damage. Direct damage involves the absorption of radiation by DNA, causing 

breaks in the DNA strands, leading to cell death. Indirect damage occurs when radiation interacts 



with water molecules in the body, producing free radicals that subsequently damage cellular 

components, including DNA. These effects can lead to mutations, chromosomal aberrations, or 

apoptosis (programmed cell death) in cancer cells (Little, 2006). 

Challenges in Cancer Treatment Using Nuclear Physics 

While nuclear physics has revolutionized cancer treatment, several challenges remain in ensuring 

the effectiveness and safety of these treatments. 

1. Precision and Tumor Targeting 

One of the most significant challenges in radiotherapy is ensuring the accurate targeting of tumor 

cells while sparing healthy tissue. The difficulty lies in the complexity of tumor shapes, sizes, 

and locations. Tumor motion, such as respiratory motion in the chest or abdomen, can also lead 

to inaccuracies in radiation delivery. Advances in imaging technologies, such as real-time 

tracking and motion compensation, are helping to address these challenges by improving the 

precision of radiation delivery (Jaffray, 2012). 

2. Side Effects and Toxicity 

Although radiation therapy aims to target cancer cells, healthy cells surrounding the tumor can 

also be affected, leading to side effects such as fatigue, skin irritation, and long-term 

complications like infertility or secondary cancers. Minimizing damage to normal tissues while 

ensuring that the tumor receives an adequate dose of radiation remains a critical challenge. 

3. Resistance to Radiation 

Some cancers exhibit resistance to radiation therapy, either by repairing radiation-induced DNA 

damage or by altering their cellular environment to become more resistant to the effects of 

radiation. The development of novel therapeutic strategies, such as combining radiation therapy 

with molecular-targeted therapies or immunotherapy, is being explored to overcome this 

resistance (Huang et al., 2017). 

Future Prospects 



The future of nuclear physics in cancer treatment is promising, with ongoing advancements in 

radiotherapy techniques, isotopes, and diagnostic imaging. Innovations such as proton therapy 

and heavy ion therapy are providing more targeted treatments with fewer side effects. The 

integration of advanced imaging modalities, such as MRI-guided radiotherapy, will allow for 

real-time monitoring and adjustment of treatment plans. Additionally, the development of new 

radiopharmaceuticals, such as those using alpha particles for targeted therapy, is expanding the 

potential of nuclear medicine in cancer treatment (Sgouros et al., 2019). 

Conclusion 

Nuclear physics plays a pivotal role in modern cancer treatment, offering valuable contributions 

through radiation therapy, nuclear medicine, and diagnostic imaging. Advancements in the 

precision of radiation delivery and the development of new isotopes and radiopharmaceuticals 

have led to improved cancer treatment outcomes. However, challenges such as precise tumor 

targeting, radiation resistance, and minimizing side effects remain. Future research focused on 

overcoming these challenges, coupled with innovations in imaging and radiopharmaceutical 

development, will continue to enhance the role of nuclear physics in cancer therapy, ultimately 

improving patient care and survival rates. 
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