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Introduction
The world wide incidence of cancer is a major public health 
concern and it is a global threat [1, 2, 6]. Cancer is the second 
leading cause of death in the Western World and the leading cause 
of death, globally [6, 7]. It is one of the most feared and devastating 
diseases affecting mankind. The word cancer is synonymous 
with death and despair. It is indiscriminate in nature as it affects 
all people - young and old, men and women, adults and children 
alike. The American Cancer Society projected approximately 20 
million newly diagnosed cases and 9.7 million deaths attributed to 
cancer in 2022 [4, 5]. It is said by 2050, 35 million cases are to be 
expected. If this current trend continues, cancer has the potential of 
becoming the world’s biggest killer [1]. Despite billions of dollars 
being spent on cancer research over the years, the death rates from 
cancer are actually increasing and a cure seems elusive [6,7]. 

The body is composed of billions of cells. All cells in the body 
undergo a cycle of growth, division, death and rebirth. Occasionally 
some cells do not follow the normal life cycle pattern - they divide 
faster, display unregulated growth and do not die. With time, 
the uncontrolled growth and accumulation of these cells form a 
cancerous immortal malignant mass which in turn invades and 
metastasizes to other organs and different parts of the body. Cancer 
can occur almost anywhere in the body. The most common types 
of cancer are breast, prostate, lung and pancreas [2, 8-11]. 

Chemicals, radiation and viruses have been recognised as cancer 
causing agents in humans. Although there is a great diversity in 
the nature of these agents, the end cellular response is always 

the same - the production of cancer. Initially these agents react 
with cell DNA (genetic material of cells) and cause damage or 
alterations to the cell. These damaged or altered cells progress to 
form preneoplastic cells which finally develop into malignant or 
cancerous cells [12, 13].

The transformation from normal to cancerous cells is a complex 
and multi-step process including initiation, promotion and 
progression. There are more than 100 different types of cancers 
with multifactorial etiologies that are clinically distinct with 
cellular and molecular abnormalities. Because of this, finding a 
unique and unified cure is very difficult [6, 7, 15]. 

To better navigate this transformative process, Hanahan and 
Weinberg published a groundbreaking paper outlining 6 hallmarks 
of cancer: 1. Sustaining proliferative signaling, 2. Evading growth 
suppressors, 3. Environmental independence for growth, 4. 
Inducting angiogenesis, 5. Evasion of apoptosis, 6. Invasion and 
metastasis to different parts of the body [15,16].

Furthermore, most cancers are often diagnosed at the late stage 
when metastasis has already occurred by traveling through the 
blood or lymphatic system to most parts of the body such as the 
bones or liver [2, 8].

The most predominant type of cancer in women is breast cancer 
and in men, prostate cancer. In both genders, the most common 
cancers are colorectal and lung cancers. In addition to these, 
there are other types of cancers which include melanoma, hepato-
cellular carcinoma, bladder, leukemia, lymphoma and multiple 
myeloma. Still significant, but less common are ovarian, testicular 
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and multiple myeloma. Pancreatic, brain and uterine carcinomas 
are the most fatal of cancers; although they are not among the most 
common cancers. One in two men and one in three women are 
expected to develop cancer over their lifetime. New breakthroughs 
in diagnosis, detection and treatment have markedly improved 
survival rates, but, we are still a long way away from a definitive 
solution [6, 7, 14].

The most frequently used method in the treatment of cancer is 
Radiation Therapy (RT). RT offers a safe, very effective, highly 
precise, non-invasive, targeted and versatile method which is used 
for the majority of cancer types. Its other benefits are improved 
survival rates, palliative considerations, mitigating side effects 
and most importantly, preserving quality of life. 

Approximately half of all cancer cases make use of RT. The 
purpose of this paper is to bring a concise overview on RT.

Radiation Therapy in Cancer Treatment
Surgery, chemotherapy and radiation are the main treatment 
protocols for cancer cases [2, 8]. The choice of therapeutic strategy 
depends on the type and stage of cancer. All these therapeutic 
strategies have been found to be effective in reducing tumor mass. 
However, today more than half of the patients diagnosed with 
cancer receive RT. RT is commonly used for cancer patients as it is 
safe and effective for just about every type of case. RT contributes 
to the treatment of nearly 40% of treatment plans [14, 18-24]. RT 
shrinks or destroys tumors, diminishes symptoms and improves 
quality of life while minimizing damage to the surrounding tissue. 
Other names for RT are x-ray therapy, radiotherapy or irradiation. 
RT uses high energy particles or waves such as electron beams, 
x-rays, gamma-rays or a proton beam to destroy or damage cancer 
cells [18].

At lower doses RT is used to examine dental and bone structures 
in the buccal cavity by dentists (45); or to examine abnormalities 
in bone-related disease by radiologists [25, 26]. 

At high doses, RT kills cancer cells by two different mechanisms 
- directly and indirectly [27-29]. 

Direct Mechanism
Cell DNA is the control mechanism for how cells grow, divide 
and repair themselves. In direct mechanisms, RT damages cell 
DNA beyond repair by stopping cells from dividing. During this 
process healthy cells are also damaged along with cancer cells. 
However, healthy cells can repair themselves at a much faster rate 
than cancer cells. The goal of RT is to damage cancer cells, while 
sparing as many healthy cells as possible [28-32].

Indirect Mechanism
For the Indirect mechanism, RT kills cancer cells by ionizing 
water molecules in the cytoplasm, generating free radicals (FR) or 
reactive oxygen species (ROS). It is the FR and ROS that damage 
cell DNA, which in turn leads to cell death [33]. 

In both mechanisms, DNA is damaged beyond repair. RT does not 
kill cancer cells right away, it takes days or weeks of treatment 
before DNA is damaged - the cancer cells keep dying for weeks 
and months after RT ends. When the damaged cells die, they are 
broken down and removed from the body. Besides indirect and 
direct mechanisms for eradicating cancer cells, other natural 
mechanisms include necrosis, apoptosis, autophagy and mitotic 
cell division are also affected by radiation. 

Radiation Necrosis (RN)
RT is highly effective at targeting cancer cells. In rare cases it 
can damage normal tissue. RN or osteoradionecrosis is often 
encountered by pathologists examining biopsy material as a 
delayed phenomenon many months or years after radiation is 
administered. It may occur in 5-37% of patients. RN has potentially 
fatal complications after RT treatment. RN makes it hard for the 
body to build new tissue, fight infection or heal skin [30-32].

Apoptosis
Apoptosis is often induced after radiation. The initiation of 
apoptosis is mainly activated by two different pathways - intrinsic 
and extrinsic; both of which ultimately complete apoptosis by 
activating the extrinsic pathway. Additional RT can promote 
apoptosis in other pathways such as P53 and SAPK/JNK. This 
damage is now thought to be stabilized by telomere capture, which 
is a transfer of telomeres from normal chromosomes to broken 
chromosomes [28-32].

Autophagy
It is known that RT is one of the stressors that induce autophagy in 
both normal and cancer cells. Autophagy has been shown to play 
a dual role with evidence for both cytoprotective and/or cytotoxic 
effects; depending on the heterogeneity of each tumor. Studies 
have suggested that autophagy suppresses tumor growth in the 
early stages, but accelerates tumor progression in the later stages. 
Hypoxia plays an important role in induced RT and is responsible 
for many molecular changes within the cell. Understanding the 
relationship between RT, hypoxia and autophagy is crucial [30-32].

Mitotic Cell Death or Mitotic Catastrophe
After RT most solid tumor cells are formed mainly as a result of 
aberrant mitotic events causing missegregation of chromosomes 
which then form giant cells with multiple nuclei with abnormal 
nuclear morphology [28-32].

Senescence
This occurs in cancer cells through extensive RT treatment causing 
severe damage to cell DNA and finally death due to apoptosis 
[29, 32-34].

How Radiation Therapy is Given
RT uses high energy waves to destroy or damage cancer cells. It 
is given in three different ways depending on several factors: the 
type of cancer, size of cancer, location of cancer, stage of cancer 
and the general health of the patient. The three delivery methods 
are [35-36].

External Beam Radiation Therapy (EBRT): EBRT is the most 
frequent type of treatment for cancer. In this approach a machine 
called a Linear Accelerator directs high energy rays from outside 
the body to a carefully targeted mass within the body. It is done 
at hospitals or RT treatment centers. The patient usually lies on 
a table and radiation is targeted at the tumor site from different 
angles. It is given usually on an outpatient basis over a period of 
several weeks at varying frequencies. EBRT is used to treat breast 
cancer, lung cancer, prostate cancer, colon cancer and cancers of 
the head and neck [37, 38].

Internal Radiation Therapy (IRT): IRT also known as Brachytherpy. 
In this treatment, a radioactive source or implant is put inside the 
body directly or very close to the tumor. The implants come in 
different forms or shapes which include tube, wire, capsule/seeds/
pellets (caesium, iridium or cobalt). This allows higher doses of 
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radiation to be delivered to the tumor while reducing exposure to 
the healthy cells. It is commonly used for prostate, cervical and 
breast cancers amongst others. The implant in the body may be 
placed for a shorter period such as 10-20 minutes and the treatment 
is repeated periodically. Once the course is complete the implant 
may be removed or sometimes the implant (iodine-125) remains 
in the body permanently until the treatment is stopped [32-35].

EBRT and IRT have one thing in common: both are local treatments 
that work on one part of the body by directing high energy beams 
at cancer cells. However, the two differ in the source of radiation. 
In EBRT the radiation is delivered from a machine outside of the 
body while in IRT, the radiation is delivered from an implant.

Systemic Radiation Therapy (SRT)
This type of therapy uses radioactive drugs called 
radiopharmaceuticals or radionuclides (technetium-99m, 
iodine-131). Radioisotopes are linked to monoclonal antibodies 
that are easily detected and targeted for destruction. Some 
monoclonal antibodies trigger an immune system response that 
destroys the outer membrane of the cancer cell thereby blocking 
cell growth. SRT is delivered orally or through IV and travels 
through the bloodstream to target and kill cancer cells. SRT affects 
the whole body which means body fluids such as urine, sweat 
and saliva will give off radiation for a while. SRT is used to treat 
certain types of cancers including thyroid, bone and prostate 
cancer [39-42].

Radiation Therapy Professionals
During radiation therapy, a team of trained medical professionals 
administer the treatment protocol. The team includes one or many 
of the following [43, 44].

Radiation Oncologist: This doctor is specially trained to treat 
cancer with radiation. This medical professional oversees the 
radiation treatment plan.

Radiation Physicist: This medical professional is involved in 
ensuring the radiation equipment is working and delivers the exact 
dose prescribed by the Radiation Oncologist.

Dosimetrist: This medical professional assists in planning the 
treatment.

Radiation Therapist: This medical professional positions the 
patient and operates the Linear Accelerator to deliver treatment.

Radiation Therapy Nurse: This medical professional assists with 
managing side effects of RT.

Radiation Therapy in Non-Cancerous Disease
RT is often used in the treatment of cancer - but at times it can 
also be used in some non-cancerous situations. These special 
conditions include [45-49].

Benign Tumors: Such as acoustic neuromas and pituitary adenoma 
non-cancerous.
Blood Disease: Such as polycythemia vera and mycosis.
Inflammatory Conditions: Such as Dupuytrens and keloids.
Thyroid Conditions: Use of radioactive iodine for certain thyroid 
disorders.
Vascular Conditions: Arteriovenous disorders and to prevent the 
re-narrowing of blood vessels
Eye Conditions: Eye diseases such as macular degeneration and 

uveitis.
Hypertrophic Scarring: To prevent the recurrence of hypertrophic 
scars or keloids.
Autoimmune Disease: Used for disorders like rheumatoid arthritis, 
scleroderma and lupus. 
Gynecologic Conditions: Used for conditions such as endometriosis 
and excess bleeding from uterine fibroids.
Dental Conditions: Used to treat certain conditions in teeth and 
oral cavity.

Beneficial Effects of Radiation Therapy
RT is a popular and effective treatment option in battling cancer. 
Some of the more salient features of RT are described as follows. 
RT is Non-Invasive in nature. It offers the potential for a cure 
without the need for incisions or unnecessary risks that come 
from surgery. It reduces surgical complications and offers better 
recovery times [50-52]. 

Modern advances in RT offer treatment plans which are highly 
targeted. Modern RT techniques such as image-guided radiation 
therapy (IGRT), stereotactic radiosurgery (SRS) and intensity-
modulated radiation therapy (IMRT); all deliver doses of radiation 
with an exacting accuracy and intensity all while minimizing 
damage to surrounding healthy tissue. This is particularly 
beneficial for cancers that have not metastasized or for managing 
metastatic symptoms.

Another salient feature of RT is that it provides the greatest 
versatility in treatment plans. RT can be used to treat various 
types of cancers such as breast, prostate, brain and lung to name 
a few. Additionally, with modulated doses, it also allows for the 
treatment for non-cancerous conditions such as benign tumors.

Most importantly, RT offers the best Quality of Life benefits as 
compared to other treatment options. With chemotherapy and 
surgery, quality of life considerations such as lingering toxicity, 
longer surgical recovery times and poor pain management options 
are all minimized. The highly targeted and precision controlled 
nature of RT gives the best possible outcome by impacting cancer 
cells while preserving healthy tissue. This rings true more so for 
advanced cases where a cure is not possible. 

The Cost Effective nature of RT is demonstrated in its delivery 
and the pre/post activities surrounding treatment plans. In several 
cases, RT is administered on an outpatient basis, allowing patients 
to return home and resume normal daily activities without needing 
extensive post-treatment hospital care.

In certain cases, RT combined with other treatment options 
(Surgery and/or Chemotherapy) are required to increase the overall 
effectiveness of the treatment plan. This combined approach is 
often more successful in treating certain types of cancer.

Side Effects of Radiation Therapy
While RT is highly effective in treating cancer, it can also cause 
unwanted side effects. These side effects vary depending on factors 
such as the radiation dose, delivery location, general health of the 
patient and the duration of treatment. Most side effects subside 
or disappear after the treatment ends. Some of the more notable 
side effects are [23,51,53-59]. 

Fatigue: Many patients experience fatigue during RT, which ranges 
from mild to severe. This fatigue may persist for weeks or months 
after the completion of treatment.
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Nausea and Vomiting: One of the more common side effects of 
RT is nausea and vomiting. RT delivered to areas of the body such 
as the abdomen or pelvis cause these symptoms. These however 
can be corrected through medication.

Hair Loss - RT delivered to the head or neck can cause hair loss 
in the treated area. Hair typically grows back after treatment, but 
may have a different texture or appear to be thinner.

Bone Marrow Suppression: RT can affect the production of blood 
cells. Low blood cell counts (RBC, WBC and platelets) can 
increase the risk of infection, anemia, internal bleeding and fatigue.

Difficulty Swallowing: RT to the head and neck area can cause 
inflammation and narrowing of the esophagus, leading to difficulty 
in swallowing. These symptoms may require dietary changes or 
additional treatment.

Skin Changes: RT can cause skin irritations such as redness, 
itching, dryness and peeling over the treated area. These symptoms 
are very similar in nature to a sunburn. It usually goes away after 
the treatment ends.

Lymphoedema or Swelling: RT can cause lymphatic or immune 
system responses causing lymphoedema or swelling (edema) in 
the treated area. This holds especially true if it is near a major 
organ or lymph node. It is most commonly found in the arms or 
legs, but can also affect other parts of the body. Swelling usually 
subsides over time but may require medical intervention.

Changes in Taste or Appetite: Another common side effect of RT is 
the loss of appetite or change in taste perception. These effects are 
temporary and should be managed by a nutritional dietary intake.

Long-Term Effects: Some long term side effects of RT may include 
fibrosis (scarring) of the treated area and more alarmingly it can 
lead to secondary cancers. The risk of developing secondary 
cancers is higher in older patients [60].

Emotional and Psychological Effects: A cancer diagnosis in 
general will undoubtedly cause anxiety, emotional distress and 
depression. Supportive services through the American Cancer 
Society, private counseling, support groups, family and friends 
can all help manage the process.

Lung irritation: RT delivered to the chest can lead to coughing, 
shortness of breath and lung inflammation (pneumonitis).

Fertility Issues: RT to the pelvic region can affect reproductive 
organs, potentially leading to infertility and other complications. 

Other Limitations of RT: RT is less effective when dealing with 
larger tumor masses or tumor masses where a poor blood supply 
exists (i.e. angiogenesis). For smaller tumor masses, RT gives 
way to SRT.

Cancer patients and their care teams can assist with various side 
effects through medication, lifestyle modification and social 
support care to improve quality of life during and after treatment.

The Benefits of Combining Radiation Therapy and Surgery
Focusing on the goal of improving survival rates, at times a more 
tailored approach to cancer treatment is needed. Combining RT 
with surgery offers several benefits that each treatment protocol 

alone cannot offer. Parameters such as tumor size, location, stage 
as well as the patient’s general health will play into the treatment 
planning process. A few salient benefits are [61].

Tumor Mass Reduction:  RT before or after surgery (adjuvant 
therapy) can either shrink tumors making them easier to remove or 
targeting remaining cancer cells after surgery (i.e. micrometastases). 
The goal is to reduce the risk of cancer recurrence.

Local Control: Controlling cancer growth locally through RT 
with surgery increases the chances that cancers with a high risk 
of local recurrence remain in check.
 
Tissue/Organ Preservation: In certain cases combining RT with 
surgery may allow for tissue/organ preservation. Sphincter saving 
surgery instead of a permanent colostomy may be realized through 
neoadjuvant RT.

Reduced Metastasis: RT along with surgery may reduce the risk 
of metastasis by eliminating or reducing the mass of the tumor.

Risk of Recurrence: RT along with surgery may assist in reducing 
cancer recurrence rates. This especially holds true for cancers with 
aggressive or high-risk profiles.

Side Effects of Combining Radiation Therapy and Surgery
The goal of delivering the best potential patient outcomes can be 
enhanced by combining RT with surgery - but this does not come 
without certain risks. Certain side effects are more prevalent when 
both treatment modalities are combined. These side effects are 
dependent on underlying factors such as the type and location of 
cancer, the extent of surgery and the dosage and duration of RT. 
A few risks and side effects are noted: 

Tissue Damage and Wound Healing: Combining RT with surgery 
may increase the risk of tissue damage and wound healing 
complications. Tissue damage and wound healing complications 
are evidenced by delayed healing, tissue necrosis, impaired tissue 
function, infections, dehiscence (wound opening) and seromas (fluid 
collections). The risk of tissue fibrosis and scarring result in stiffness, 
reduced flexibility and functional impairment of tissue or organs.

Stressors and Delayed Recovery: A direct result of tissue 
damage and wound complication using adjuvant therapies can 
manifest itself by increased fatigue, overall patient discomfort, 
the possibility of additional medical intervention and prolonged 
healing/recovery times.

Sensory Changes: RT combined with surgery may lead to 
sensory changes such as numbness, tingling, lymphedema or 
hypersensitivity in the treated area. These sensory changes have 
the potential to persist long after treatment and can impact daily 
activities and quality of life considerations. These side effects may 
be characterized as chronic and will most likely require medical 
intervention or require ongoing management.

Secondary Cancers: When treating cancer with RT alone or with 
adjuvant therapies, the risk of developing secondary cancers at the 
treatment site is elevated - this is especially true for elderly patients.

Gastrointestinal and Urogenital: Cancers that appear in the lower 
abdomen or pelvis such as colorectal or gynecological - RT 
combined with surgery can lead to side effects and complications 
like diarrhea, urinary frequency, and sexual dysfunction.
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Skeletal and Bone Health: Bone health considerations such as 
osteoporosis, fractures and bone necrosis may be impacted by 
RT combined with surgery.

Combination of RT and Chemotherapy
Chemoradiation or concurrent chemoradiotherapy is a common 
treatment protocol offered in many cancer cases [62-66, 67]. 
This approach uses RT and chemotherapy in conjunction with 
each other. Similar to any adjuvant approach, these two treatment 
modalities used in conjunction offer a highly personalized 
treatment plan tailored to the patient’s disease profile per the 
tumor size, tumor location, tumor stage and patient health. This 
multidisciplinary approach maximizes treatment efficacy. Some 
key aspects are:

Tumor Control & Synergistic Effect: The use of chemotherapy 
sensitizes cancer cells to RT thereby making them more susceptible 
to its damaging effects. This is an excellent example of how the 
multimodal use of RT and chemotherapy displays a synergistic 
effect and greater tumor control.

Tumor Size and Metastasis: RT can shrink tumor size. Any 
microscopic cancer cells that have spread beyond the primary 
tumor site can be addressed by chemotherapy. This is yet another 
use case of how adjuvant therapies can better control the risk of 
local recurrence, distant metastases (i.e. systemic) and improve 
overall treatment efficacy.

Improved Survival Rates: A multimodal approach using both RT 
and chemotherapy can lead to improved patient survival rates 
for certain types of cancers - specifically, locally advanced or 
aggressive ones.

Organ Preservation: Chemoradiation can better assist with organ 
preservation when a reduction of the tumor mass near organs 
where function and integrity are of paramount concerns (i.e. 
rectal cancer).

Side Effects of Combining Radiation Therapy and Chemotherapy
Another adjuvant protocol in treating cancer is the use of RT 
and chemotherapy. Although effective, it too has its share of side 
effects. A patient’s healthcare team will provide the appropriate 
monitoring and management of side effects such that quality of 
life parameters are preserved [68].

Increased Toxicity: The cumulative effects of employing both 
modalities may lead to more pronounced side effects. These side 
effects can include nausea, vomiting, fatigue and hematologic 
toxicity. Hematologic toxicity suppresses bone marrow function 
leading to a decreased production of RBC and WBC. Low RBC 
increases the risk for anemia. A low WBC increases the risk for 
thrombocytopenia (low platelet count) which in turn results in 
more infections, bleeding and fatigue.

Sensory Changes: The combination of RT and chemotherapy 
can lead to sensory changes such as mucositis, esophagitis, skin 
reaction and gastrointestinal side effects. The symptoms of each 
sensory change can be described by the following respectively - 
inflammation and damage to the lining of the mouth, throat and 
esophagus which affects swallowing, eating and overall nutritional 
intake; skin reactions such as redness, itching, dryness and peeling; 
diarrhea, abdominal pain and bowel dysfunction. Each of these 
symptoms may dissipate after the treatment ends or may require 
ongoing medical intervention and care management.

Long-Term Side Effects: The combination of this multimodal 
treatment protocol is not dissimilar to any other singular or 
combined treatment protocol. Close monitoring and follow up care 
are essential in the management of quality of life considerations 
(i.e. physical, emotional and psychological).

Combination of Radiation Therapy and Immunotherapy
Combining RT with immunotherapy is a very promising approach 
in cancer treatment. Some potential benefits of combining these 
two modalities [69-77].

Tumor Response Synergies: Immunotherapy works by amplifying 
the body’s immune response to recognize and attack cancer 
cells. RT creates an immunogenic tumor microenvironment, 
making cancer cells more susceptible to immunotherapy-induced 
activation. Together these two treatment modalities create a 
formidable treatment synergy offering.

Growth and Metastases Control: Immunotherapy has the potential 
to target distant metastases that may not be directly accessible 
by RT. The combination of both can result in a systemic immune 
response leading to the regression of both primary tumors and 
metastatic lesions; thereby suppressing tumor recurrence.

Immune Memory and Abscopal Effect: Immunological memory is 
a phenomenon where the immune system remembers or recognizes 
cancer cells even after treatment. The abscopal effect refers to a 
rare phenomenon where localized RT results in the regression 
of distant untreated tumors. It appears that a recognition system 
or identification system is activated through immunotherapy. 
Given in conjunction with RT a highly efficacious treatment can 
be realized with long-term protection against cancer recurrence.

Radioresistant Tumors: In certain cases, tumors have been known 
to show limited or no response when RT is administered alone. 
Immunotherapy has demonstrated its ability to activate immune 
cells to target and kill radioresistant cancer cells. Once again the 
potential for highly efficacious treatments are available with this 
multimodal approach. 

Side Effects of Combining Radiation Therapy and Immunotherapy
While the combination of RT and immunotherapy holds great 
promise, side effects are known to exist due to the complexities 
of the immune system and radiation damage. In this bimodal 
treatment, the immune system is activated against normal tissue. 
This leads to complications such as dermatitis, colitis, pneumonitis, 
thyroiditis, hepatitis, and endocrinopathies [78,79].

Radiation-Induced Toxicities: RT can cause acute and late stage 
toxicities in and around the treated tissue. When combined with 
immunotherapy, these toxicities increase inflammation and 
immune activation at the radiated site.

Radiation Dermatitis: Skin irritation, redness, itching and peeling 
of the treated area is a result of combining RT with immunotherapy. 
Radiation dermatitis may be more severe and prolonged due to 
increased immune activity in the skin.

Gastrointestinal Toxicities: Both RT and immunotherapy can 
cause gastrointestinal toxicities resulting in diarrhea, abdominal 
pain and colitis. These are usually severe and difficult to manage 
leading to dehydration and electrolyte imbalances.
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Pulmonary Toxicities: RT when combined with immunotherapy, 
increases the risk of pneumonitis due to immune mediated lung 
inflammation.

Hematologic Toxicities: When combined with RT, immunotherapy 
can suppress bone marrow function, leading to hematologic 
toxicities such as neutropenia, thrombocytopenia and anemia.

Wound Healing: RT when combined with immunotherapy can 
cause inflammation and immune activation. This results in 
impaired wound healing and skin ulcers at the irradiated tissue.

Neurologic Toxicities: RT when combined with immunotherapy 
increases the risk of neurologic toxicities due to immune-mediated 
inflammation in the central nervous system. This can cause 
cognitive impairment, radiation necrosis and radiation-induced 
neuropathy.

Endocrine Dysfunction: RT when combined with immunotherapy 
increases the risk of endocrine toxicities including thyroid 
dysfunction, adrenal insufficiency and hypophysitis. This can 
cause hormonal imbalances and endocrine dysfunction.

Alternative Treatments to Radiation Therapy
Many cancer patients are fearful and experience adverse side 
effects of RT - not surprisingly, 80% of them look for alternate 
treatments. As a result, many cancer patients are now turning 
to dietary supplements (DS) or nutritional supplements (NS) to 
improve their prognosis, quality of life, energy levels, appetite, 
nausea control and enhanced immune systems.

There is a common perception that the taking of antioxidant 
supplements can decrease the effectiveness of RT on cancer cells, 
as antioxidants protect cancer cells against damage [79-83].

There are many expert opinions that believe scientific evidence 
does not support the use of antioxidants during cancer therapy . 
This is due to the belief that antioxidants can both interfere with 
treatment and protect healthy cells. 

One group of medical practitioners support and recommend the 
use of antioxidant supplements during radiation. DS/AO protects 
against radiation by producing beneficial results such as decreased 
toxicity and fewer side-effects. There are however, many studies 
that show that antioxidants play a dual role in healthy and cancer 
cells: they protect healthy cells against damage and at the same 
time, these nutrients exhibit a pro-oxidant action in damaged cells 
that accelerates cellular death from radiation [80-82].

The opposing view states that taking antioxidant supplements during 
cancer treatment is harmful due to its potential interference in RT 
and chemotherapy. RT works by generating free radicals causing 
oxidative damage; the subsequent build up of oxidative stress in turn 
reduces the efficacy of treatment. Antioxidants help keep free radicals 
from causing oxidative damage. Antioxidants scavenge or neutralize 
free radicals that may protect tumor cells and potentially interfere 
with the treatment’s ability to destroy cancer cells. For this reason, 
it is recommended that patients avoid antioxidant supplements until 
the completion of RT, then resume taking antioxidant supplements 
[81-83]. Both these groups have strong opinions on their views 
based on prevailing opinion rather than clinical evidence regarding 
the risk/benefit profile of taking antioxidants. Discouraging patients 
from using these beneficial antioxidants during radiation treatment 
is detrimental to their recovery and health.

During Radiation Therapy 
During RT Treatment, patients should follow all guidelines 
outlined by their treatment team. Some examples are [84-86].

Treatment Schedule: Consistency in treatment is paramount for 
its effectiveness and as such patients are to attend all scheduled 
radiation therapy sessions.

RT Treatment Session: RT treatment will require proper positioning 
and the use of shields and other protective devices to minimize 
radiation exposure to healthy tissue. Follow all directions carefully 
to achieve the maximum benefit.

Skin Care: RT is typically very hard on the skin and its effects 
range from mild irritation to more severe side effects like redness, 
itching, and peeling. A proper skin care regime which includes the 
use of mild, fragrance-free soap and lukewarm water to wash the 
treated area and using fragrance & alcohol free moisturizers to 
keep the skin hydrated and healthy. Avoid exposing treated areas 
of the skin to sun exposure - especially during the hours of 10-4 
where the sun’s rays are typically the strongest. Wear loose fitting, 
non-restrictive, protective clothing such as hats and long sleeves 
and use Sun Protective Factor 30 or higher to block the harmful 
rays of the sun. Also, avoid rubbing and scratching the skin.

Fluids & Nutrition: Good nutritional intake coupled with plenty 
of fluids promotes a boost in immunity, keeps the body strong 
and minimizes side effects such as fatigue.

After Radiation Therapy 
At the end of RT Treatment, patients typically go through a phase 
of post-treatment follow-up and recovery. Some examples are 
[84-86].

Post RT Appointments: Patients receive regular follow up 
appointments with their radiation oncologist to monitor progress, 
evaluate treatment response and monitor for tumor recurrence. 
These follow on activities may include physical exams, imaging 
(i.e. CT or MRI) and laboratory tests (blood work, organ functions, 
etc.) to assess cancer status.

Monitoring and Managing Side Effects: Patients often experience 
side effects during and after RT treatment. Symptoms include 
fatigue, skin irritation, hair loss, nausea, pain, swelling, difficulty 
swallowing or any functional changes to the bowels or bladder. 
Pay close attention to any changes and seek the advice of 
healthcare providers who will assist in maintaining quality of 
life considerations.

Long Term Complications: Long term complications may develop 
months or years after treatment. Some of these long term complications 
include radiation-induced fibrosis, nerve damage, impaired organ 
function and secondary cancers. Healthcare providers will recommend 
appropriate medical intervention as needed.

Recovery and Rehabilitation: Depending on the type of cancer, 
radiation intensity, duration of treatment, intensity of potential 
side effects, patient recovery and rehabilitation times will vary 
from case to case. Regular exercise will help maintain strength, 
flexibility, and cardiovascular health. A good nutritional diet will 
support healing and overall health. Smoking cessation will reduce 
the risk of complications. Alcohol avoidance will help the body’s 
ability to heal and decrease the risk of side effects. All these factors 
help in the recovery process.
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Psychological & Emotional Support: RT can be an extremely 
physically and emotionally challenging event. Many patients 
experience anxiety, depression and other psychologically or 
emotionally charged feelings. Healthcare providers will assist 
by providing counseling and introduction to support groups to 
help navigate these challenges. Stress reducing activities such as 
meditation, deep breathing and yoga also all promote relaxation 
and emotional well-being. 

Getting Back to Normal: After RT and the effects of any treatment 
complications subside, patients can gradually resume their normal 
duties and daily routines. It is important to seek the advice from 
healthcare professionals about dietary guidelines, medications, 
safely returning to work, exercising or activity restrictions.

Advances in Radiation Therapy
In recent years several significant advances in RT techniques, 
improving its effectiveness, reducing side effects and expanding 
its applications. Some advances in RT techniques such as 3D 
Conformal RT, stereotactic body radiation therapy (SBRT), proton 
therapy, intensity-modulated radiation therapy (IMRT), Image 
guided RT all enable precise delivery of high doses of radiation 
to tumors while sparing surrounding healthy tissue [87-90]. 

3D Conformal RT: Uses CT scans and computer software to 
create 3D models of the tumor. Using these models as a guide, the 
machine directs radiation beams that target the cancer site while 
sparing healthy tissue. Several cancer types have seen improved 
outcomes from this including brain cancer, head and neck, liver 
cancer lung cancer and prostate cancer.

Stereotactic Radiation Therapy (SRT) and Stereotactic 
Radiosurgery (SRS): These techniques deliver very high doses of 
radiation with extreme precision in typically one to five sessions. 
They are particularly effective for small tumors in the brain, spine, 
lung, liver and other areas. They offer excellent tumor control 
while sparing surrounding healthy tissue.

Intensity-Modulated Radiation Therapy (IMRT): IMRT allows 
for more precise targeting of the radiation beam to conform to 
the shape of the tumor while minimizing exposure to surrounding 
healthy tissue. This technique is especially useful for tumors 
located near critical organs or structures.

Image-Guided Radiation Therapy (IGRT): IGRT uses advanced 
imaging techniques such as CT scans or MRI to precisely locate 
the tumor immediately before each treatment session. This ensures 
accurate delivery of radiation even if the tumor or surrounding 
anatomy shifts slightly between sessions.
Proton Therapy: Proton therapy delivers radiation using protons 
instead of traditional X-rays. Protons deposit their energy more 
precisely thereby reducing radiation exposure to nearby healthy 
tissue. This makes proton therapy particularly advantageous for 
treating tumors near critical structures or in pediatric patients.

Particle Therapy: In addition to proton therapy, other forms of 
particle therapy such as carbon-ion therapy are being explored. 
These therapies offer the potential for even greater precision and 
effectiveness in targeting certain types of tumors, particularly 
those that are resistant to traditional RT.

Radiomics and Radiogenomics: These emerging fields use 
advanced imaging techniques and computational analysis to 
extract quantitative data from medical images. This information 

can help predict a tumor’s response to RT and assist in treatment 
planning allowing for a more personalized and effective treatment.

Hypofractionated Radiation Therapy: This approach delivers 
higher doses of radiation in fewer treatment sessions. It has 
demonstrated similar results as standard regimens for certain 
cancers, offering the advantage of shorter treatment sessions and 
reduced overall treatment time.

Intraoperative RT (IORT): IORT delivers radiation during 
surgery. After the tumor is removed surgically, IORT destroys 
any remaining cancer cells.

Immunotherapy and RT Combinations: There is growing interest 
in combining RT with immunotherapy to enhance the immune 
system’s response to cancer. Radiation can help “prime” the 
immune system by releasing tumor antigens and altering the 
tumor microenvironment, potentially improving the effectiveness 
of immunotherapy.

In addition to the technological advances mentioned above, 
there are other evolutionary advances that highlight the ongoing 
developments in RT with a focus on improving outcomes, reducing 
side effects and expanding its applicability across various cancer 
types and clinical scenarios.

Conclusions 
The goals of RT can vary depending on factors such as the type 
of cancer, stage of disease, and overall treatment plan. However, 
the primary objectives of radiation therapy in cancer treatment 
include [91-92].

Tumor Control: One of the primary goals of RT is to eliminate or 
eradicate cancer cells within the primary tumor and any adjacent 
tissue (i.e. preserve organ functions). It also inhibits the ability of 
the tumor to proliferate or metastasis. Doing this provides relief 
from symptoms and potential side effects.

Palliative Considerations: In cases where cancer cannot be cured, 
Palliative RT is used to alleviate pain, symptoms and improve 
quality of life in cases of advanced or metastatic cancer.

Adjuvant Therapy: RT may be used as adjuvant therapy after 
surgery or chemotherapy to eradicate residual cancer cells, reduce 
the risk of local recurrence and improve treatment outcomes. 
Adjuvant RT is commonly used for cancers with a high risk of 
recurrence such as breast cancer and head & neck cancers.

Neoadjuvant Therapy: RT may be given as a neoadjuvant therapy 
before surgery or chemotherapy. The goal is to shrink the tumor 
with RT thereby making it easier to surgically remove the tumor.

Long-Term Disease Control: Prophylactic RT is used to prevent 
the recurrence of cancer in high-risk patients or to treat in-situ 
carcinomas before they progress to invasive cancers. This practice 
is very relevant to cases pertaining to the breast, head & neck, 
skin, Hodgkin lymphoma, early-stage prostate cancer. 

Overall, the goals of radiation therapy in cancer treatment are 
tailored to each individual patient’s disease characteristics, 
treatment goals and overall health status. Radiation oncologists 
work closely with multidisciplinary teams to develop personalized 
treatment plans that optimize therapeutic benefits while minimizing 
treatment-related side effects [93-101].



Citation: M Waheed Roomi (2023) Radiation Therapy for Cancer Treatment. Journal of Otolaryngology Research & Reports. SRC/JOLRR-131. 
DOI: doi.org/10.47363/JOLRR/2023(2)116

Volume 2(4): 8-10J Otolaryngol Res & Rep, 2023

References
1.	 Baker A, Jordan H, Kufe DW, Pollock RE, Weichselbaum 

RR, et al. (2003) editors Public Attitude Concerning Cancer 
Holland-Frei Cancer Medicine. 6th edition.

2.	 De Vita Hellman (2021) Rosenberg’s Cancer Principles & 
Practice of Oncology Review LWW.

3.	 Siegel R, Giaquinto A, Jemal A (2024) Cancer statistics, 2024. 
CA Cancer J Clin 74: 12-49. 

4.	 Ma X, Yu H (2006) Global burden of cancer. The Yale journal 
of biology and medicine 79: 85-94.

5.	 Sung H, Ferlay J, Siegel R, Laversanne M, Soerjomataram 
I, et al. (2021) Global cancer statistics 2020: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 cancers 
in 185 countries. CA Cancer J Clin 71: 209-249.

6.	 Piña-Sánchez P, Chávez González A, Ruiz Tachiquin M 
(2021) Cancer Biology, Epidemiology, and Treatment in 
the 21st Century: Current Status and Future Challenges 
From a Biomedical Perspective. Cancer Control 28: 
10732748211038735.

7.	 DeVita VT, Eggermont AM, Hellman S, Kerr DJ (2014) 
Clinical cancer research: the past, present and the future. Nat 
Rev Clin Oncol 11: 663-669.

8.	 Hagop M, Kantarjian, Robert A, Wolff, Alyssa G, Rieber 
(2022) The MD Anderson Manual of Medical Oncology, 
Fourth Edition 4th Edition.

9.	 Cairns J (1981) The origin of human cancer. Nature 28: 353-
357.

10.	 Weinberg RA (2007) The Biology of Cancer. Garland Science 
80: 91. 

11.	 Weinberg RA (1996) How cancer arises. Sci Am 275: 62-70.
12.	 Farber E (1984) Cellular biochemistry of the stepwise 

development of cancer with chemicals. Cancer Res 44: 
5463-5474.

13.	 Farber E, Sarma DSR (1987) Biology of hepatocarcinogenesis: 
A dynamic cellular perspective. Lab Invest 56: 4-22.

14.	 Debela D T, Muzazu S GY, Heraro KD (2021) New approaches 
and procedures for cancer treatment: Current perspectives. 
SAGE Open Med 9: 20503121211034366.

15.	 Hanahan D, Weinberg R A (2000) The Hallmarks of Cancer. 
Cell 100: 57-70.

16.	 Hanahan D, Weinberg R A (2011) Hallmarks of cancer: the 
next generation. Cell 144: 646-674

17.	 Baskar R, Lee K A, Yeo R, Yeoh KW (2012) Cancer and 
Radiation Therapy: Current Advances and Future Directions. 
Int J Med Sci 9: 193-199.

18.	 Bernier J, Hall EJ, Giaccia A (2004) Radiation oncology: a 
century of achievements. Nat Rev Cancer 4: 737-747.

19.	 Morgan MA, TenHaken RK, Lawrence TS (2018) Essentials 
of radiation therapy. Williams & Wilkins 196-217.

20.	 (2019) National Cancer Institute (NCI) Radiation therapy 
to treat cancer. Accessed at https://www.cancer.gov/about-
cancer/treatment/types/radiation-therapy. 

21.	 (2019) American College of Radiology and the Radiological 
Society of North America. Introduction to cancer therapy 
(radiation oncology). Accessed at https://www.radiologyinfo.
org/en/info.cfm?pg=intro_onco#part_two. 

22.	 Xuan L, Bai C, Ju Z, Luo J, Guan H, et al.(2024) Radiation-
targeted immunotherapy: A new perspective in cancer 
radiotherapy. Cytokine Growth Factor Rev 75: 1-11.

23.	 Cytlak UM, Dyer DP, Honeychurch J, William TM Iiidge KJ 
(2022) Immunomodulation by radiotherapy in tumor control 
and normal tissue toxicity. Nature Reviews Immunology 22: 
124-138.

24.	 Drapek L, Hickey S, Brant JM (2017) Mosby’s Oncology 

Nursing Advisor - Elsevier eBook on VitalSource, 2nd 
Edition. Elsevier 168-171.

25.	 Hancock PJ, Epstein JB, Sadler GR (2003) Oral and Dental 
Management Related to Radiation Therapy for Head and 
Neck cancer. J Can Dent Assoc 69: 585-590.

26.	 Rafael Pacheco, Harlan Stock (2013) Effects of radiation on 
bone. Curr Osteoporos Rep 11: 299-304.

27.	 Delaney G, Jacob S, Featherstone C, Barton M (2005) 
The role of radiotherapy in cancer treatment: estimating 
optimal utilization from a review of evidence-based clinical 
guidelines. Cancer 104: 1129-1137.

28.	 Hotchkiss RS, Strasser A, McDunn JE, Swanson PE (2009) 
Cell death. N Engl J Med 361: 1570-1583.

29.	 Nguyen HQ, To NH, Zadigue P, Kerbrat S (2018) Ionizing 
radiation-induced cellular senescence promotes tissue fibrosis 
after radiotherapy. A review Crit Rev Oncol Hematol 129: 
13-26.

30.	 Eriksson D, Stigbrand T (2010) Radiation-induced cell death 
mechanisms. Tumour Biol 31: 363-372.

31.	 Dewey WC, Ling CC, Meyn RE (1995) Radiation-induced 
apoptosis: relevance to radiotherapy. Int J Radiat Oncol Biol 
Phys 33: 781-796.

32.	 Baskar R, Lee KA, Yeo R, Yeoh KW (2012) Cancer and 
Radiation Therapy: Current Advances and Future Directions. 
Int J Med Sci 9: 193-199.

33.	 Rupnow BA, Knox SJ (1999) The role of radiation-induced 
apoptosis as a determinant of tumor responses to radiation 
therapy. Apoptosis 4: 115-143.

34.	 Schmitt CA (2007) Cellular senescence and cancer treatment. 
Biochim Biophys Acta 1775 :5-20.

35.	 Chandra R, Keane F K, Voncken F E M, Thomas C R (2021) 
Contemporary radiotherapy: present and future. The Lancet 
398: 171-184.

36.	 Bayat Mokhtari R, Homayouni TS, Baluch N, et al. (2017) 
Combination therapy in combating cancer. Oncotarget 8: 
38022-38043.

37.	 Koka K, Verma A, Dwarakanath Rao V L (2022) Technological 
Advancements in External Beam Radiation Therapy (EBRT): 
An Indispensable Tool for Cancer Treatment. Cancer Manag 
and Res 14: 1421-1429.

38.	 Shirato H, Le QT, Kobashi K (2018) Selection of external 
beam radiotherapy approaches for precise and accurate cancer 
treatment. J Radiat Res 59: i2–i10.

39.	 Salih S, Alkatheeri A, Alomaim W, Elliyanti A (2022) 
Radiopharmaceutical Treatments for Cancer Therapy, 
Radionuclides Characteristics, Applications, and Challenges. 
Molecules 27: 5231.

40.	 Sgouros G, Bodei L, McDevitt MR, Nedrow JR (2020) 
Radiopharmaceutical therapy in cancer: Clinical advances 
and challenges. Nat Rev Drug Discov 19: 589-608.

41.	 Elliyanti A, Badria FA (2021) Radiopharmaceuticals in 
Modern Cancer Therapy. Radiopharmaceutical Current 
Research for Better Diagnosis, Therapy, Environmental and 
Pharmaceutical Applications. Intechopen 1st ed. London, UK 

42.	 Kramer-Marek G, Capala J (2012) The role of nuclear 
medicine in modern therapy of cancer. Tumor Biol 33: 629-
640. 

43.	 Ekmekci, Ozgur L, Turley, Catherine (2008) Who wants to 
be a therapist? Promoting professional identity. Radiation 
Therapist 12: 8.

44.	 Katie Albus (2023) Personnel: Radiation Oncology (Revised 
7-18-2023). ACR Radiology https://accreditationsupport.
acr.org/support/solutions/articles/11000049781-personnel-
radiation-oncology-revised-7-18-2023-. 



Citation: M Waheed Roomi (2023) Radiation Therapy for Cancer Treatment. Journal of Otolaryngology Research & Reports. SRC/JOLRR-131. 
DOI: doi.org/10.47363/JOLRR/2023(2)116

Volume 2(4): 9-10J Otolaryngol Res & Rep, 2023

45.	 Mc Keown SR, Hatfield P, Prestwich RJ, Shaffer RE, Taylor 
RE (2015) Radiotherapy for benign disease; assessing the 
risk of radiation-induced cancer following exposure to 
intermediate dose radiation. Br J Radiol 88: 20150405.

46.	 Eng TY, Boersma M K, Fuller C D, Luh J Y, Siddiqi A, et 
al. (2006) The role of radiation therapy in benign diseases. 
Hematol Oncol Clin North Am 20: 523-557.

47.	 Nardone V, Ippolito E D, Grassi R (2022) Non-Oncological 
Radiotherapy: A Review of Modern Approaches. J Pers Med 
12: 1677.

48.	 Misher C (2022) Radiation Therapy for Benign Conditions. 
Oncolink 

49.	 Shin-Hyung Park, Jeong Eun Lee (2017) Radiotherapy, 
a New Treatment Option for Non-malignant Disorders: 
Radiobiological Mechanisms, Clinical Applications, and 
Radiation. Risk J Rheum Dis 24: 74-84.

50.	 (2023) Pros and Cons of Treating Cancer with Radiation 
Therapy. Cancer Treatment Willamette Valley Cancer Institute

51.	 Lara Barazzuol, Rob P Coppes, Peter van Luijk (2020) 
Prevention and treatment of radiotherapy-induced side effects. 
Mol Oncol 14: 1538-1554.

52.	 Thariat J, Hannoun Levi JM, Sun Myint A, Vuong T, Gerard 
JP (2013) Past, present, and future of radiotherapy for the 
benefit of patients. Nature Reviews ClinicalOncology 101: 
52-60. 

53.	 Majeed H, Gupta V (2023) Adverse Effects of Radiation 
Therapy. Stat Pearls Publishing https://www.cancer.net/
navigating-cancer-care/how-cancer-treated/radiation-therapy/
side-effects-radiation-therapy. 	

54.	 Kyle Wang MD, Joel E, Tepper MD (2021) Radiation therapy-
associated toxicity: Etiology, management, and prevention. 
CA Cancer J Clin 71: 437-454.

55.	 Bentzen SM (2006) Preventing or reducing late side effects 
of radiation therapy: radiobiology meets molecular pathology. 
Nat Rev Cancer 6: 702-713.

56.	 (2020) Radiation therapy side effects. American Cancer 
Society

57.	 Wang K, Tepper JE (2021) Radiation therapy-associated 
toxicity: Etiology, management, and prevention. CA Cancer 
J Clin 71: 437-454.

58.	 Elbanna M, Chowdhury NN, Rhome R, Fishel ML (2021) 
Clinical and Preclinical Outcomes of Combining Targeted 
Therapy With Radiotherapy. Front Oncol 11: 749496.

59.	 CY Slaney, P Luo, FM Kong, L Guo, J Zhang (2022) Editorial: 
Combining chemo/radio therapy and immunotherapy for 
cancers-perfect mix of old and new. Frontiers in Immunology 
3: 1129623.

60.	 Hall EJ (2007) Cancer caused by x-rays-a random event?. 
Lancet Oncol 8: 369-370.

61.	 Elbanna M, Chowdhury NN, Ryan Rhome (2021) Clinical 
and Preclinical Outcomes of Combining Targeted Therapy 
With Radiotherapy. Front Oncol 11: 749496.

62.	 Nelson R (2013) Combining Radiation and Chemotherapy 
May Improve Outcomes. CURE https://www.curetoday.com/
view/combining-radiation-and-chemotherapy-may-improve-
outcomes. 

63.	 Herskovic A, Martz K, Al Sarraf M, Leichman L (1992) 
Combined Chemotherapy and Radiotherapy Compared with 
Radiotherapy Alone in Patients with Cancer of the Esophagus. 
N Engl J Med 326: 1593-1598.

64.	 Yu Pei Chen MMD, Nofisat Ismaila, Melvin L K, Chua 
(2021) Chemotherapy in Combination with Radiotherapy for 
Definitive-Intent Treatment of Stage II-IVA Nasopharyngeal 
Carcinoma: CSCO and ASCO Guideline. J Clin Oncol 39: 

840-859
65.	 Rabatic BM, Kong FM (2016) Pros: concurrent chemo-

radiotherapy remains the ideal treatment in fit patients with 
large volume unresectable stage III non-small cell lung cancer. 
Transl Lung Cancer Res 5: 190-194.

66.	 Rallis KS, Yau THL, Sideris M (2021) Chemoradiotherapy 
in Cancer Treatment: Rationale and Clinical Applications. 
Anticancer Research 41: 1-7.

67.	 Hennequin C, Guillerm S, Quero L (2019) Combination of 
chemotherapy and radiotherapy: A thirty years evolution. 
Cancer Radiother 23: 662-665.

68.	 Yu S, Wang Y, He P (2022) Effective Combinations of 
Immunotherapy and Radiotherapy for Cancer Treatment. 
Front Oncol 12: 809304.

69.	 Jagodinsky JC, Harari PM, Morris ZS (2020) The Promise 
of Combining Radiation Therapy with Immunotherapy. Int 
J Radiat Oncol Biol Phys 108: 6-16.

70.	 Wang Y, Deng W, Li N (2018) Combining Immunotherapy 
and Radiotherapy for Cancer Treatment: Current Challenges 
and Future Directions. Front Pharmacol 9: 185.

71.	 Ottoman RE, Langdon EA, Rochlin DB, Smart CR (1963) 
Side-Effects of Combined Radiation and Chemotherapy in the 
Treatment of Malignant Tumors. Radiology 81: 1014-1017.

72.	 Zhu S, Zhang T, Zheng L, Liu H (2021) Combination 
strategies to maximize the benefits of cancer immunotherapy. 
J Hematol Oncol 14: 156.

73.	 Tang C, Wang X, Soh H, Seyedin S (2014) Combining 
Radiation and Immunotherapy: A New Systemic Therapy 
for Solid tumors?. Cancer Immunol Res 2: 831-838.

74.	 Aliru ML, Schoenhals JE, Venkatesulu BP (2018) Radiation 
therapy and immunotherapy: what is the optimal timing or 
sequencing ?. Immunotherapy 10: 299-316.

75.	 Butterfield LH, Najjar YG (2023) Immunotherapy 
combination approaches: mechanisms, biomarkers and 
clinical observations. Nature Reviews Immunology https://
www.nature.com/articles/s41577-023-00973-8. 

76.	 Zhang Z, Liu X, Chen D, YU J (2022) Radiotherapy combined 
with immunotherapy: the dawn of cancer treatment. Signal 
Transduction and Targeted Therapy 7: 258.

77.	 Kichloo A, Albosta M, Dahiya D (2021) Systemic adverse 
effects and toxicities associated with immunotherapy: A 
review. World J Clin Oncol 12: 150-163.

78.	 Slaney CY, Luo P, Kong FM, Guo L, Zhang J (2022) 
Combining chemo/radio therapy and immunotherapy for 
cancers-perfect mix of old and new. Front Immunol 13: 
1129623.

79.	 Guo CX, Huang X, Xu J (2021) Combined targeted therapy 
and immunotherapy for cancer treatment. World J Clin Cases 
9: 7643-7652.

80.	 Simone CB, Simone N, Simone V (2007) Antioxidants and 
other nutrients do not interfere with chemotherapy or radiation 
therapy and can increase kill and increase survival, Part 1, 
and Part 2. Altern Ther Health Med 13: 40-47.

81.	 Moss RW (2006) Should patients undergoing chemotherapy 
and radiation be prescribed antioxidants?. Integr Cancer Ther 
5: 63-82.

82.	 Prasad KN, Cole WC, Kumar B (2002) Pros and cons of 
antioxidants use during radiation therapy. Cancer Treat Rev 
28: 79-91.

83.	 D’Andrea GM (2005) Use of antioxidants during 
chemotherapy and radiation should be avoided. CA Cancer 
J Clin 55: 319-321.

84.	 Ependymoma N (2021) What to Expect During and After 
Radiation Treatments. NCI Connect 



Citation: M Waheed Roomi (2023) Radiation Therapy for Cancer Treatment. Journal of Otolaryngology Research & Reports. SRC/JOLRR-131. 
DOI: doi.org/10.47363/JOLRR/2023(2)116

Volume 2(4): 10-10J Otolaryngol Res & Rep, 2023

85.	 (2021) Late Effects of Cancer Treatment. National Cancer 
Institute.

86.	 Brunilda Nazario MD (2023) What to Expect From Radiation 
Therapy. WebMD Editorial Contributors.

87.	 Chandra RA, Keane FK, Voncken FEM, Thomas CR (2021) 
Contemporary radiotherapy: present and future. Lancet 398: 
171-184.

88.	 G Mohan, A Hamna, AJ Jijo (2019) Recent advances in RT 
and its associated side effect in cancer-a review. The J of 
Basic and Applied Zoology 80: 14.

89.	 Chandra RA, Kachnic LA, Thomas CR (2019) Contemporary 
topics in radiation medicine, part I: current issues and 
techniques. Hematol Oncol Clin 33-6.

90.	 Garibaldi C, Jereczek-Fossa BA, Marvaso G (2017) Recent 
advances in radiation oncology. Ecancermedicalscience 11: 
785.

91.	 Gerber De, Chan Ta (2008) Recent Advances in Radiation 
Therapy. Am Fam Physician 78: 1254-1262.

92.	 Baskar R, Lee KA, Yeo R, Yeoh KW (2012) Cancer and 
Radiation Therapy: Current Advances and Future Directions. 
J Med Sci 9: 193-199.

93.	 Chandra RA, Keane FK, Voncken FEM, Thomas CR (2021) 
Cancer and Radiation Therapy: Current Advances and Future 
Directions. Lancet 398: 171-184.

94.	 Sgouros G, Bodei L, Devitt MR Mc, Nedrow JR (2020) 
Radiopharmaceutical therapy in cancer: clinical advances 
and challenges. Nature review drug discovery 19: 589-608.

95.	 Abdel Wahab M, Gondhowiardjo SS, Rosa AA (2021) Global 
Radiotherapy: Current Status and Future Directions-White 
Paper. JCO Global Oncology 7: 827-842.

96.	 Debela DT, Muzazu SGY, Heraro KD (2021) New approaches 
and procedures for cancer treatment: Current perspectives. 
SAGE Open Med 9: 20503121211034366. 

97.	 Byrne NM, Tambe P, Coulter JA (2021) Radiation Response 
in the Tumour Microenvironment: Predictive Biomarkers and 
Future Perspectives. J Pers Med 11: 53.

98.	 Tran KB, Lang JJ, Compton K (2022) The global burden of 
cancer attributable to risk factors, 2010–2019: a systematic 
analysis for the Global Burden of Disease Study 2019. Lancet 
400: 563-591.

99.	 Roninson I (2003) Tumor cell senescence in cancer treatment. 
Cancer Res 63: 2705-2715.

100.	Abbas Z, Rehman S (2018) An overview of cancer treatment 
modalities. Neoplasm 1: 139-157.

101.	Jonathan EC, Bernhard EJ, McKenna WG (1999) How does 
radiation kill cells?. Curr Opin Chem Biol 3: 77-83.

Copyright: ©2023 M Waheed Roomi. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original author and source are credited.


