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Abstract
Over the past two decades, there has been a noticeable increase in cancer incidence and survivorship, mainly 

attributed to advancements in treatment modalities. One significant approach is radiation therapy (RT), utilized in 
20-55% of cancer patients. Its fundamental principle involves either inhibiting the growth of cancer cells or inducing 
apoptosis. Historically, photon beam RT has been the primary choice for treatment. However, in recent years, proton 
beam therapy has emerged as a new option. This innovative method focuses more precisely on the tumor, minimizing 
damage to surrounding healthy tissues, such as the heart. Unfortunately, radiation to the heart remains a common 
complication of RT, particularly in patients with lymphoma, breast, lung, and esophageal cancer. The underlying cause 
lies in changes to the microvascular and macrovascular environment, which can lead to accelerated atherosclerosis 
and fibrosis of the heart’s myocardium, pericardium, and valves. These complications may manifest days, weeks, 
or even years after RT, and several risk factors contribute to their occurrence. These factors include high radiation 
doses (>30 Gy), concurrent chemotherapy (especially anthracyclines), advanced age, pre-existing heart disease, 
and the presence of other cardiovascular risk factors. For physicians, understanding these mechanisms and risk 
factors is crucial, as it enables them to assess and monitor patients more effectively, with the goal of early detection 
and prevention of radiation-induced heart disease. Echocardiography, a noninvasive method that comprehensively 
evaluates the pericardium, heart valves, myocardium, and coronary arteries, is often the initial imaging tool used. 
Nevertheless, additional modalities like computed tomography, nuclear medicine, or cardiac magnetic resonance can 
provide valuable supplementary information. By employing a tailored approach to patient assessment and monitoring, 
healthcare professionals can mitigate the risks associated with radiation-induced heart disease, enhancing the overall 
care and well-being of cancer survivors.
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Introduction
The incidence and survivorship of cancer are on the rise globally. 

According to the International Agency for Research on Cancer (IARC) 
within the World Health Organization (WHO), which encompasses 185 
countries, the estimated 5-year survival rate for certain cancers (such 
as breast, colorectal, and prostate) ranges from 51% to 71%. In the year 
2020 alone, there were 19.3 million new cancer cases, resulting in 10 
million deaths [1,2]. To combat this deadly disease, various treatment 
interventions have been developed, with radiation therapy (RT) being 
a prominent option, often used in conjunction with surgery and/or 
chemotherapy [3]. In the late 20th century, 20-55% of newly diagnosed 
cancer patients received RT, with nearly half of them receiving it with 
a curative intent, leading to improved survival rates [4-6]. The primary 
objective of RT is to damage the genetic material of cancer cells, thereby 
halting their growth and replication. This is achieved by exposing the 
targeted tissue to ionizing radiation, generating high-energy ions that 
disrupt the cells’ proliferation and may induce apoptosis [7]. However, 
this approach also affects non-cancerous “healthy” cells, leading to 
detrimental effects. Although RT techniques have improved over time, 
the risk of collateral damage to healthy tissues and organs remains a 
concern [8]. One significant concern associated with thoracic RT is 
radiation-induced heart disease (RIHD). Patients treated for diseases 
like lymphoma, breast, lung, and esophageal cancer, among others, 
may develop RIHD years after treatment. The heightened risks for such 
patients compared to the general population include the development 
of accelerated ischemic heart disease and valvular and pericardial 
diseases [9,10]. It is crucial to comprehend the pathophysiology of 
RIHD, explore different techniques to enhance radiation delivery while 

minimizing tissue damage, understand various types of radiation, 
identify risk factors associated with RIHD, and establish early diagnosis 
methods for this condition.

Literature survey

Significant strides have been made in the field of radiation therapy 
(RT) since its inception in 1898. Initially, physicians solely relied on 
physical examinations to determine tumor margins. Unfortunately, 
this approach had drawbacks, as it often led to an underestimation of 
tumor size and disease progression. Furthermore, it made it challenging 
to ascertain whether there was tumor resolution during follow-up in 
patients. Another limitation during the early days of RT was the poor 
demarcation of 2D images, which hindered the precise localization and 
differentiation of tumors from surrounding soft tissue, deep tissue, or 
lymph nodes. Consequently, there was an inadequate estimation of 
tumor burden. Additionally, the methods used to assess the direction 
and penetration of radiation beams were inaccurate, resulting in 
unpredictable tumor coverage and exposure to nearby organs [11]. 
To address these issues, multileaf collimators were introduced. This 
technology involved movable leaves that could block certain radiation 
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beams directed at healthy organs. However, this approach had 
limitations, as it was confined to geometrically shape rectangular fields 
that could not accurately cover the entire tumor contour and spare 
adjacent organs simultaneously [12]. Nonetheless, efforts continued to 
improve the technology, leading to the replacement of conventional 
2D RT with 3D conformal RT, which was first introduced in 1965 by 
Takahashi et al. [13]. Three-dimensional RT utilized axial-computed 
tomography to precisely delineate the target tumor and adjacent organs, 
resulting in improved radiation dosage delivery. This breakthrough 
paved the way for the development of intensity-modulated RT (IMRT), 
which enhances 3D RT by modulating the dose delivered to each tissue 
to match specific prescription goals [14]. With the introduction of 3D 
RT, IMRT, and dose-reducing radiation equipment, standardization of 
protocols became possible, and RT has now achieved a higher level of 
accuracy while minimizing collateral radiation to adjacent organs [15]. 
The deep inspiration breath hold (DIBH) technique was introduced 
as a means to enhance the delivery of radiation therapy (RT). Widely 
adopted by radiation oncologists, DIBH has proven to be effective in 
significantly reducing radiation exposure to the heart and lungs [16]. 
The method involves utilizing the patient’s natural respiratory process 
to shift internal organs into a more favorable position, ensuring more 
targeted RT against tumor cells and less exposure to adjacent tissues. 
During DIBH, patients are instructed to hold their breath until 
they achieve a predetermined abdominal elevation or height [17]. 
Numerous studies have demonstrated the efficacy of DIBH in reducing 
chest radiation. For instance, research involving patients receiving 
breast/chest wall RT showed that all those who used DIBH successfully 
met their therapeutic RT goals without exceeding the recommended 
daily radiation fraction doses for the heart. In contrast, 56% of patients 
without DIBH exceeded the safe radiation threshold for the heart [18]. 
Another study focusing on left-sided IMRT in breast cancer patients 
revealed that DIBH significantly reduced heart and lung radiation doses 
in six out of nine patients. Remarkably, the DIBH technique completely 
avoided heart radiation exposure in two subjects [19]. Radiation doses 
are measured in gray units (Gy), representing the amount of ionizing 
radiation absorbed per kilogram of tissue, with cumulative doses 
above 30 Gy and daily doses exceeding 2 Gy considered to increase 
the risk of radiation-induced heart disease (RIHD) [20]. A systematic 
review encompassing 10 studies and 268 patients found that DIBH 
reduced heart radiation doses by 38-67% and left anterior descending 
coronary doses by 31–71% compared to free breathing. However, 
DIBH does have some drawbacks. It requires patient education and 
training, which can take up to 30 minutes per session. Additionally, a 
greater number of staff members need to be trained in this technique. 
Despite these challenges, DIBH remains a valuable tool in RT, offering 
improved precision and reduced radiation exposure to critical organs, 
particularly the heart and lungs.

Pathophysiology

Traditional radiation therapy (RT) using photon beams can have 
significant impacts on the heart through both microvascular and 
macrovascular mechanisms [3]. These effects may give rise to various 
cardiac conditions, including valvular disease, pericardial disease, 
conduction abnormalities, cardiomyopathy, and accelerated coronary 
artery disease. The underlying pathophysiologic mechanism that is 
well understood involves macrovascular damage, leading to the earlier 
development of age-related atherosclerosis. This phenomenon is 
attributed to RT-induced endothelial damage in the coronary arteries, 
triggering an inflammatory response that releases numerous cytokines, 
which in turn activate macrophages and deposit lipoproteins. The 
formation of atherosclerotic plaques occurs similarly to traditional 

coronary artery disease but at an accelerated pace. A retrospective 
study focusing on 2168 women who underwent RT for breast cancer 
demonstrated that their risk of major coronary events increased 
by 7.4%. This risk elevation started five years after receiving RT and 
persisted for up to 30 years. The risk was higher for patients who 
received left-sided RT compared to right-sided RT. Preexisting cardiac 
risk factors and higher radiation doses were associated with a higher 
risk. Another systematic review, which included six studies spanning 
from 1996 to 2016 and involved patients with low risk of coronary 
artery disease (CAD) who received left breast/chest wall RT, found 
that cardiac exposure to radiation was linked to early myocardial 
perfusion defects. These defects were predominantly observed in 
the apical and anterolateral segments of the left ventricle (LV) and 
were not associated with changes in the ejection fraction. The review 
also highlighted that the presence of perfusion defects was strongly 
dependent on the radiation dose, and patients who underwent cardiac 
radiation-sparing techniques, such as deep inspiration breath hold 
(DIBH), experienced better outcomes. These findings emphasize the 
importance of minimizing radiation exposure to the heart during RT to 
reduce the risk of radiation-induced cardiac complications.

Radiation therapy: Radiation therapy (RT) is an essential 
treatment modality used to target tumors and improve survival rates. 
There are two primary methods of RT delivery: external beam radiation 
and internal radiation (brachytherapy). In this review, we will focus 
on external beam radiation, where high-energy rays (photons, protons, 
electrons, neutrons) are directed from outside the body to the tumor 
tissue. Traditional RT, also known as photon beam therapy, involves 
depositing energy throughout the entire path of the beam, which 
can affect surrounding tissues, such as the heart, surrounding the 
targeted tumor. To overcome this limitation, newer therapies utilizing 
particle beams (electrons, neutrons, and protons) have been explored. 
Electron beams have limited tissue penetration, making them suitable 
for superficial skin diseases like mycosis fungoides, cutaneous T-cell 
lymphoma, Sezary syndrome, Kaposi sarcoma, and inflammatory 
breast cancer. However, only a small subset of patients benefit from 
this approach due to its limited applicability. Neutron beams, on the 
other hand, are highly damaging and are generally avoided in clinical 
practice. Proton therapy has emerged as a promising option, providing 
optimal dosage delivery to cancer cells with minimal adverse effects 
on surrounding tissues. Protons can be precisely directed to reach a 
specific depth in the tissue, known as the Bragg peak effect, covering 
the entire length of the tumor. This approach minimizes radiation 
exposure to adjacent tissues while enabling higher RT doses to cancer 
cells, which would otherwise be challenging with photon therapy due 
to the increased risk of affecting nearby tissues and organs. However, 
the cost of proton beam therapy remains considerably high, making 
it unaffordable for many patients and institutions. As a result, photon 
beam therapy continues to be a viable therapeutic option for numerous 
cancer patients. Several studies focusing on patients with breast cancer, 
Hodgkin lymphoma, and pediatric malignancies like medulloblastoma 
have demonstrated a significant reduction in radiation doses to the 
heart when using proton therapy as compared to photon therapy. In 
a systematic review covering 13 studies conducted between 2002 and 
2017, proton therapy was found to reduce the mean heart radiation 
dose by two- or three-fold in breast cancer patients compared to 
traditional RT. Another prospective study evaluating the mechanical 
function of the left ventricle (LV) in breast cancer patients, using 
2D speckle tracking imaging, revealed compromised LV relaxation 
properties with photon therapy but preserved function with proton 
therapy. In patients with Hodgkin lymphoma, a systematic review 
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incorporating 14 studies demonstrated that proton therapy resulted 
in a lower radiation weighted average compared to traditional 3D RT 
(by 3.57 Gy) and IMRT (by 2.24 Gy). Similarly, in pediatric patients 
with medulloblastoma, a study comparing proton and photon therapy 
revealed that the mean radiation heart dose was significantly lower 
with proton therapy (0.2 Gy) compared to photon therapy (10.4 Gy). 
While the long-term follow-up of patients receiving proton beam 
therapy is necessary to better define its adverse effects and relationship 
with cardiotoxicity. These findings highlight the potential benefits 
of proton therapy in minimizing the risk of radiation-induced heart 
complications in certain cancer populations.

Discussion
Despite the decline in radiation-induced heart disease (RIHD) 

cases over the past decade, it remains crucial for physicians to 
diligently assess its presence in every patient who has been exposed 
to heart radiation, particularly in those who received doses exceeding 
30 Gy. It is prudent to screen these patients for traditional risk factors 
associated with coronary disease, including obesity, hypertension, 
dyslipidemias, diabetes, and smoking. Implementing appropriate 
lifestyle modifications and/or treatments is essential to mitigate 
potential cardiac complications. Failure to address and manage cardiac 
risks can compromise the life expectancy achieved through anticancer 
therapy. Increased morbidity and mortality stemming from cardiac 
complications, such as pericarditis, myocardial dysfunction, coronary 
artery disease, and valvular disease, can significantly impact patients’ 
overall health and well-being. Therefore, vigilant monitoring and 
proactive interventions are necessary to safeguard the cardiac health of 
individuals undergoing radiation treatment for cancer.

Conclusion
‘In conclusion, radiation therapy (RT) has come a long way since its 

inception in 1898, with significant advances improving its effectiveness 
and precision. Traditional RT, utilizing photon beam therapy, has been 
a valuable tool in eradicating targeted tumors and improving survival 
rates in cancer patients. However, it is not without its limitations, 
as it can also affect surrounding healthy tissues, including the heart. 
The introduction of newer therapies involving particle beams, such 
as electron and proton therapy, has shown promise in reducing 
radiation exposure to adjacent tissues while delivering optimal doses to 
cancer cells. Proton therapy, in particular, has demonstrated superior 
precision and lower adverse effects on surrounding organs, including 
the heart. Although proton beam therapy remains costly and may not be 
accessible to all patients, it represents a significant advancement in RT 
technology. Moreover, studies have highlighted the potential benefits 
of proton therapy in reducing radiation doses to the heart in patients 
with breast cancer, Hodgkin lymphoma, and pediatric malignancies. 
Proton therapy has shown promising results in minimizing the risk 
of radiation-induced heart disease (RIHD), a major concern when 
treating thoracic cancers. However, while the evidence is encouraging, 
continued long-term follow-up and evaluation of cardiac complications 
in patients receiving proton beam therapy are crucial to better define 
its safety and efficacy. Physicians must remain vigilant in assessing 
for the presence of RIHD, especially in patients exposed to heart 
radiation, and screen for traditional risk factors of coronary disease. 
Early detection and appropriate management of cardiac complications 
are vital to ensure that the benefits of anticancer therapy are not 
compromised by increased morbidity and mortality related to cardiac 
issues. In conclusion, ongoing research and advancements in radiation 
therapy techniques, such as proton therapy, offer hope for improved 
cancer treatment outcomes with reduced collateral damage to critical 

organs like the heart. This progress represents a significant step towards 
enhancing the quality of life for cancer survivors and enhancing their 
overall well-being. As technology and medical knowledge continue to 
advance, we can look forward to further improving the precision and 
effectiveness of radiation therapy, ultimately leading to better outcomes 
for cancer patients worldwide.
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