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Abstract: In recent years, significant progress has been made in understanding the proposed hallmarks of cancer

development and treatment. However, with its increasing prevalence, cancer clinical management remains a challenge
for the twenty-first century. Radiation therapy, surgery, chemotherapy, immunotherapy, and hormonal therapy are all
treatment options. Radiation therapy remains an important component of cancer treatment, with approximately half of
all cancer patients receiving it during their illness and it contributes to 40% of cancer cures. The primary goal of radiation
therapy is to deprive cancer cells of their ability to multiply (cell division). Cancer is one of the leading causes of mortality
worldwide, and radiation therapy is used to treat more than half of all cancer patients. Radiation treatment is used to treat
nearly every kind of cancer, as well as certain noncancerous tumors. It kills cancer cells with high-energy beams. X-rays
are most commonly utilised in radiation treatment, however protons or other forms of energy can also be used. This
indicates that radiotherapy is a promising technology. However, much like radiation, everything has its own set of
advantages and disadvantages. The major benefit of radiation is that it could aid in the control of cancer development.
These therapies are also frequently used to facilitate surgery for patients with diseases that are borderline resectable and
those with local advanced-stage pancreatic cancer. In terms of side effects or weakness, considering on how near the
region of interest is to the tumor, it may cause harm to nearby tissues such as the lungs and heart. Therefore, it will be a
challenge.
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INTRODUCTION

professionals to precisely target and eradicate tumour
cells [3].

Radiation therapy, often known as radiotherapy, has
been used to treat cancer for over a century. In terms of
history, Hippocrates coined the name "cancer" from the
Greek "karkinos," arguing that the origin of the disease
was a humoral imbalance stored in the patient's body, a
theory that remained until the nineteenth century [1].
Significant developments have occurred over the
previous few years, and contemporary radiotherapy is
now a well-established curative approach for cancer
treatment. Radiotherapy has a strong scientific
foundation, and the knowledge of cancer biology and
radiobiology has vastly advanced. Oncologists and
cancer specialists are the radiotherapists of today. There
has been tremendous technological advancement. Local
cancer treatment has been demonstrated to be the most
successful, thus the future of radiation oncology looks
bright [2]. With ionising radiation, mostly high-energy
X-rays, radiotherapy is now a safe and extremely
efficient treatment for cancer. By providing its most
effective dosage possible, radiotherapy helps cancer

PRINCIPLES OF RADIATION THERAPY
Radiation is the transfer of energy through waves or a
stream of particles. It destroys a cell's genes (DNA) and
some of its components. These genes carry the
information for constructing functioning molecules
known as proteins. Radiation destroys a cancer cell's
genome, preventing it from growing and dividing. It
thus indicates that cancer cells could be killed and
tumors can be shrunk with radiation. Because the cell
cycle phase is crucial in cancer therapy, knowing well
about the usual life cycle of a cell is significant in
understanding how radiation works as a treatment.
Radiation usually destroys cells that are actively or
rapidly dividing first. On cells that are resting or
dividing slowly, it does not operate as quickly [4] [5].
Figure 1 explains the cell cycle.
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healthy tissue as well [8]. Figure 2 shows how
external beam radiation therapy looks like.

Fig 1 The cell cycle (G0 = Cell is resting, G1 = RNA
and proteins are made, S = DNA is made, G2 =
Apparatus for mitosis is built, M = Mitosis (the cell
divides into two cells) [6]

Fig 2 External Beam Radiation Therapy [9]
b) Internal Radiation: Internal radiation, sometimes
known as brachytherapy, involves the placement of
a radioactive source inside the body, either near or
in the tumor. A radiation source is generally
contained in a tiny structure called an implant in this
form of treatment. To harm as few normal cells as
possible, the implant is put very close to or inside
the tumor. Internal radiation therapy enables for a
larger dosage of radiation to be delivered in a
smaller area than external radiation therapy [10].

The cell cycle refers to all of the phases of cell division.
A freshly formed cell enters the G1 phase. The G1 phase
is when cells begin to differentiate. A cell can also reach
a non reproductive stage termed G0 from G1, where it
will resume its normal duties. The cell will re-enter G1
to begin a new cell cycle when fresh cell growth is
required. The cell will start producing cyclin D and
cyclin E, as well as cyclin-Cdk complexes that are
active. These will aid in the cell's progression to the S
phase. The different active cyclin-Cdk complexes that
will control the cell cycle's passage from one phase to
the next are shown in the diagram's center. After the M
phase, the cell divides into two new cells, completing
the cycle [7].

c)

Systemic Radiation: Some kinds of cancer are
treated using systemic radiation, which involves the
use of radioactive drugs. These drugs could be taken
by mouth or injected into a vein using a needle.
They move through into the body, locate the cancer,
and emit radiation [11].

THE PROS AND CONS OF RADIOTHERAPY

TYPES OF RADIATION THERAPY
External radiation, internal radiation, and systemic
radiation are the three forms of radiation treatment. The
type of radiation utilized is determined by the type of
cancer and its location in the patient's body. In other
circumstances, though, more than one kind is employed.
This can destroy cells or modify their DNA, preventing
them from growing.

Radiation therapy has become an exciting initiative and
treatment to cancer patients especially. Despite being
aware of the side effects that can be found during or after
undergoing treatment, but with the knowledge and
research possessed by experts today, they will do their
best to provide treatment without causing incurable
effects. Here are some of the pros and cons of
radiotherapy;

a)

The Pros of Radiotherapy

External Radiation: The most prevalent form of
radiation used in cancer therapy is external beam
radiation. This form of radiation employs an
external equipment that is located outside of the
body to deliver radiation towards the cancerous
spot. External beam radiation treatment is well
suited to treating wide regions or several portions of
the body at the same time. Although it is intended
to target malignant cells, it frequently damages

a) Treat or shrink cancer in its early stages
Some tumors are extremely radiation-sensitive. In many
circumstances, radiation may be used alone to reduce or
eliminate the tumour altogether. A few rounds of
chemotherapy are sometimes administered first. For
some malignancies, radiation treatment could be used
before surgery as pre-operative or neoadjuvant therapy
2
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to decrease the tumor, either after surgery as adjuvant
treatment to help avoid the cancer from returning [12].
Some chemotherapy medications or drugs operate as
radiosensitizers, causing cancer cells to become more
susceptible to radiation. As a result, radiation can be
used with chemotherapy (chemo), and these treatments
improve the effectiveness of the radiation.

normal cells adjacent to cancer cells or in the path of
radiation. Normal cells can usually repair themselves
faster and maintain their normal function status than
cancer cells. Cancer cells in general are less efficient
than normal cells at repairing radiation-induced
damage, resulting in differential cancer cell killing
[18].

b) Treatment for cancer recurrences (coming back)

Radiation can be used as a curative treatment as well
as a very effective palliative treatment to relieve
cancer- related symptoms in patients. Radiation
therapy may also be used in conjunction with other
treatment modalities such as surgery, chemotherapy,
or immunotherapy. Radiation, when used prior to
surgery (neoadjuvant therapy), aims to shrink the
tumour. Radiation, when used after surgery (adjuvant
therapy), destroys microscopic tumour cells that may
have been left behind. Tumours differ in their
sensitivity to radiation treatment, as is well known.

It's referred to as a recurrence when cancer reappears
after a time of remission. Some cancer cells could persist
even after therapy. These cells have the ability to spread,
which might result in symptoms. These cells might be in
the same spot where the cancer started or in a different
section of the body. Thus, getting adequate radiation
treatment on a regular basis as recommended by experts
can reduce the chances for the cancer to spread again
[13].
The Cons of Radiotherapy
Caused cardiotoxicity

Table 1. Common cancers that are treated with
radiation therapy.

Cardiotoxicity is a term used to describe how radiation
therapy used in cancer treatment might create
complications with the heart and vascular (circulation)
system. It can occur days or months after exposure,
although it is more common years afterwards.
Cardiotoxicity can lower a patient's quality of life and
raise the chance of death from cardiovascular disease.
When a big volume of heart muscle is subjected to a high
dosage of radiation, cardiotoxicity is a concern [14].

Early cancers curable with
radiation therapy alone
Skin cancers (squamous
and based cell)
Prostate carcinomas
Lung carcinomas (nonsmall cell)
Cervix carcinomas
Lymphomas (Hodgkin’s
and low-grade nonHodgkin’s)
Head and neck carcinomas

Depression and fatigue
Fatigue is a common and frustrating symptom among
cancer patients. It exacerbates suffering and can be
found in all kinds and stages of the disease. This one has
been discovered to be an issue prior to, during, and after
therapy, and to persist long after treatment has ceased,
even in persons who are thought to be disease-free [15].
Fatigue, rather than the pain, nausea, and vomiting
associated with illness and therapies, is frequently cited
as the most unpleasant side effect of radiation therapy
by cancer patients [16].

Cancers curable with radiation
therapy in combination with
other modalities
Breast carcinomas
Rectal and anal carcinomas
Local advanced cervix
carcinomas
Locally advanced head and
neck carcinomas
Locally advanced lung
carcinomas
Advanced lymphomas Bladder
carcinomas Endometrial
carcinomas CNS tumours
Soft tissue sarcomas Pediatric
tumours

There are two methods for delivering radiation to the
cancer's site. External beam radiation is supplied from
the outside of the body by directing high-energy rays
(photons, protons, or particle radiation) to the
tumour’s site. In the clinical setting, this is the most
common strategy. Internal radiation, also known as
brachytherapy, is given to the tumour site from within
the body using radioactive sources sealed in catheters
or seeds. Because of its short- term effects, it is
commonly used in the routine treatment of
gynaecological and prostate cancers, as well as in
circumstances where retreatment is required [17].

Radiation is a physical agent used to kill cancer cells.
Ionizing radiation is used because it produces ions
(electrically charged particles) and deposits energy in
the cells of the tissues it passes through. This deposited
energy has the potential to kill cancer cells or cause
genetic changes that result in cancer cell death [17].
High- energy radiation damages cells' genetic material
(deoxyribonucleic acid, DNA), preventing them from
dividing and proliferating further. Although radiation
causes damage to both normal and cancer cells, the goal
of radiation therapy is to maximise radiation dose to
abnormal cancer cells while minimising exposure to
3
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SIDE EFFECTS OF RADIATION THERAPY

evidence, fraction size is the most important
determinant in determining late effects [24]. Old
age, BMI, anaemia, associated infection, comorbid
diseases, concomitant chemotherapy regimens, and
inherent radiosensitivity of organs at risk are hostrelated variables that impact the probability of late
sequelae.

Acute radiation damage mostly affects quickly
growing cells, such as epithelial skin surfaces and the
gastrointestinal system. Radiation affects stem cells,
resulting in tissue loss as a result of regular cell
turnover but insufficient stem cell replenishment due
to radiation damage [19]. This causes a rupture in the
protective barrier, which occurs most commonly in
the skin, oral mucosa, and gastrointestinal system,
especially 1-5 years after radiotherapy is completed.
As a result of compensatory hyperplasia inside stem
cells, recovery occurs. As a result, symptoms subside
within a few weeks. Such lesions are consequential
late effects when acute injury does not heal
completely and lingers into the late phase. Such
consequences are more common in chemotherapyradiotherapy regimens, where tissues fail to heal due
to concurrent cytotoxic effects from chemotherapy.

The sensitivity and responsiveness of all tissues to
radiation damage varies. Irritation sites that are
commonly encountered, as well as the difficulties that
come with them, are discussed. Skin and Mucosa is
an acute response in the head and neck that includes
erythema, inflammation, and desquamation of dry
and wet surfaces, resulting in mucositis, pruritis,
hypersensitivity, discomfort, and ulcers in the mucosa
[25]. If mucositis is severe, it might make it difficult
to eat and need the use of a feeding tube. These acute
reactions normally heal at the conclusion of treatment
or can lead to long-term consequences. Alopecia,
telangiectasia, fibrosis of the masticator muscles
resulting in trismus, changes in taste sensations, and
dysphagia are examples of subsequent consequences.
In 5- 10% of patients with skin and muscular fibrosis,
trismus develops. Severe mucositis linked with head
and neck tumours causes eating difficulties, which are
exacerbated by cancer cachexia, and hampers healing
and stress response. Oral hygiene, topical analgesics,
dietary modification, opioid analgesics, doxepin
rinses, antacid diphenhydramine mouthwash,
mucoadhesive hydrogel, and enteral tube feeding are
all used to treat severe mucositis.

Late problems arise in slow-turning tissues such as
the brain, kidney, liver, intestinal wall, subcutaneous
tissue, adipose tissue, and muscle. Radiation causes
fibrosis, atrophy, necrosis, and vascular damage
resulting in telangiectasia and carcinogenesis in these
tissues. A complicated interplay of different
cytokines and adaptive cellular mechanisms causes
late effects. Damage to the vasculature causes
increased permeability, which promotes collagen
deposition by releasing vasoactive cytokines, TGFbeta, and fibrin. The majority of these tissues or
organs have a dosage threshold at which late effects
become more pronounced [20]. The production of
thrombi and subsequent distal ischemia caused by
leucocyte adherence to injured endothelial cells
culminates in distal atrophy and necrosis. The
cytokine storm and dysregulated cellular connections
may be perpetuated if more cells are lost. The various
responses of tissues to irradiation are due to the
diverse types of cytokines released, which are
dependent on tissue type. For example, fibrosis is the
most common response in the lungs, while necrosis is
the most common response in the brain [21].

Salivary Glands, Salivary gland irradiation can cause
apoptosis, which can cause swelling and soreness
after the first dosage of treatment, escalating to
xerostomia and severe dental cavities and
osteonecrosis, as well as problems wearing dentures,
eating, and speaking. If salivary gland function is
restored, it can take months or years [26]. Appropriate
oral hygiene and dental care, including fluoride
therapy, chlorhexidine rinses, and regular follow-up
with a dentist, are all part of the treatment for
xerostomia problems. Fatigue, lack of appetite,
nausea, vomiting, headaches, hearing loss, acute
encephalopathy (rare), and worsening neurologic
symptoms are some of the initial consequences of
cranial irradiation on the nervous system (due to
edema of the irradiated tumour and surrounding
tissues). Persistent weariness, neurocognitive
consequences,
cerebrovascular
disease,
neuroendocrine dysfunction, and secondary cancers
are examples of long-term neurologic sequelae [27].

Radiation injury is caused by a complex interaction
of radiobiologic variables, intrinsic radiosensitivity,
the volume of irradiated tissue or organ, total dose,
dosage per fraction, the severity of immediate effects,
and surgery and chemotherapy [22]. The phrases
minimal tolerance dose (TD 5/5) and maximum
tolerated dose (TD 50/5) refer to the doses at which
serious life-threatening problems occur in 5% and
50% of patients after five years of radiation,
respectively [23]. According to experimental
4
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Irradiation of the spinal cord can cause acute
transitory myelopathy due to demyelination, which
manifests as Lhermitte syndrome. Lower motor
neuron syndrome, telangiectasias, and consequent
bleeding are examples of late consequences [28].
Progressive myelopathy causes a wide range of
permanent neurologic deficits, from minimal sensory
complaints to total paralysis. To treat radiation
myelopathy, experimental research and anecdotal
data indicate the use of glucocorticoids, hyperbaric
oxygen, or bevacizumab, which may result in partial
recovery [29].

with risk classification and irradiation dose and
method. Radiation cardiotoxicity has long-term
consequences that manifest ten years after RT and
contribute to a high mortality rate in younger women
diagnosed with breast cancer [34].
DRUGS IN DEVELOPMENT
One of the most difficult aspects of radiotherapy is
that some tissues are extremely susceptible to
radiation but are present right next to the tumour.
Prostate cancer, for example, has a reasonably high
cure rate with radiotherapy, but the patient suffers
considerable side effects as a result of treatment since
high dosages and conjunction with hormone therapy
are required. Drugs that can sensitise only tumours to
radiation are needed to avoid normal tissue damage.
These medications have the potential to increase
response rates while reducing undesired side effects.

Irradiation is commonly used to treat malignancies of
the thorax, breast, lung, oesophageal, and lymphatic
systems. Congestion, cough, dyspnea, fever, and
chest pain produced by radiation pneumonitis are
some of the early clinical symptoms of lung
irradiation. Infiltrates within the irradiation region are
revealed by radiographic examinations. Hypoxia and
eventual right-sided heart failure occur in severe
situations. Partially irradiating the lungs can cause
bilateral immune-mediated pneumonitis, which
usually goes away on its own [30]. The natural course
of pneumonitis is either a slow resolution of the acute
phase followed by a chronic phase of inflammation
and fibrosis that takes months to years to develop.
Because the degree of fibrosis is related to the area
irradiated, the patient may develop restrictive lung
disease with cough, shortness of breath, chest
discomfort, and a significant loss in diffusion capacity
and breathing volume if a large area is irradiated [31].
A PET scan distinguishes a tumour from a radiation
injury because the appearance is comparable to
tumour recurrence. Early radiation pneumonitis is
treated with a thorough evaluation to rule out
alternative causes of acute respiratory distress, as well
as the use of systemic steroids with a progressive
taper.

Inhibitors of double-stranded break repair and
inhibitors of the DNA damage response are among the
medications being developed as radiation therapy
sensitizers. Because radiation causes DNA singlestranded and double- stranded breaks, adding an
attack on the mechanisms that repair these forms of
damage is thought to result in a one-two punch that
kills tumour cells. Normal cells, on the other hand,
will be able to repair their genomes if their damage
response pathways are intact and there are no genetic
alterations that hinder repair. The MRN complex,
which is involved in DNA double-stranded break
repair, as well as components of the homologous and
nonhomologous recombination processes, are now
being studied.
Inhibitors of poly (ADP-ribose) polymerase (PARP)
are now being tested in clinical studies for various
solid tumours in conjunction with chemotherapy and
radiotherapy. PARP is a protein that helps cells repair
DNA damage. Inhibitors of the histone deacetylase
(HDAC) enzyme are also in the early phases of
development. HDACs help to make higher-order
DNA structures more compact. According to
published studies, inhibiting these enzymes may
obstruct the cell's ability to efficiently repair DNA.
Another method is to use inducers of cell- cycle arrest
to make cells more sensitive to radiation therapyinduced DNA damage, which could lead to more
efficient tumour cell killing. Several drugs that elicit
cell-cycle arrest are now being tested in clinical trials.
Anti- angiogenesis treatments, immunological
modulators, and inhibitors of apoptosis, or
programmed cell death, are just a few of the targeted

Acute pericarditis, pericardial effusion, constrictive
pericarditis, valve dysfunction, conductive system
malfunction, and myocardial fibrosis are all
symptoms of radiation injury to the heart [32].
Ischemic heart disease is increased by radiation
therapy because it causes myocardial microvascular
disease or macrovascular coronary artery stenosis
[33]. The great majority of acute morbidity is linked
to the use of chemotherapy and hormone therapy at
the same time; as a result, personalised treatment
strategies can help reduce the risk of immediate
cardiac effects. Prior to radiation therapy (RT),
myocardial nuclear imaging investigations can help
5
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therapeutics being
radiotherapy [35].

developed

to

improve

ablative irradiation in combination with an anti-TGF1 antibody (fresolimumab) to see if fresolimumab can
reduce radiation-induced cytotoxicity. There was no
difference in overall survival or disease- free survival
in a randomised clinical trial in which pentoxifylline
and vitamin E were given for 6 months following
breast wall irradiation, but fibrosis was dramatically
reduced in the treated group [43].

IDENTIFYING
RADIATION
TOXICITY
GENES IN NORMAL TISSUES
Acute radiotoxicity and late consequences such as
telangiectasia, edoema, and fibrosis are examples of
radiation toxicity in normal tissues. Radiationinduced fibrosis, a late occurrence that normally
occurs 4 months to many years following radiation, is
of particular concern. Fibrosis can develop in a
variety of organs, depending on the dose, volume of
irradiated tissue, and tissue types exposed to
irradiation. As cancer patients' survival times have
increased, their quality of life has deteriorated
dramatically, and in certain cases, death has resulted
[36]. Radiation-induced fibrosis is thought to follow
a similar mechanism to chronic wound healing
processes [37]. Radiation-induced fibrosis is thought
to be caused by complex molecular signalling
involving cytokines, growth factors, integrins and cell
adhesion, stress response and DDR, and extracellular
matrix remodelling, which results in the formation of
myofibroblasts, which have a different cell
architecture.

TECHNOLOGICAL ADVANCES
The purpose of radiotherapy is to give the tumour as
much radiation as possible while sparing healthy
tissue. New imaging modalities, more powerful
computers and software, and new delivery systems
like as sophisticated linear accelerators have all
contributed to this success.
2D radiation therapy employing rectangular fields
based on plain X-ray imaging has been substantially
supplanted by 3D radiation therapy using CT
imaging, which provides exact localization of the
tumour and key normal organ structures for optimal
beam placement and shielding. The goal is to deliver
radiation to the gross tumour volume (GTV), with a
clinical target volume (CTV) for microscopic tumour
expansion and a planning target volume (PTV) for
additional margin uncertainty due to organ mobility
and setup variables [44].

Using patient-derived fibroblasts in culturing [38] or
peripheral lymphocytes [39], several investigations
have documented variations in gene expression
profiles between samples generated from patients
with and without radiation-induced fibrosis.
However, no confirming "gene expression signatures"
for predicting radiation-induced fibroblasts have
emerged from this research. 87 differentially
expressed genes were identified in a gene expression
profiling of whole blood from breast cancer survivors
with and without fibrosis 3-7 years after radiation
therapy, including genes downregulated during the
maintenance phase of fibrosis as opposed to genes
upregulated during the early, initiating phase of
fibrosis. Upregulation of genes implicated in TGF-1
signalling was common [40].

The oncologist can use intensity modulated radiation
therapy (IMRT) to provide irregular-shaped radiation
doses that adhere to the tumour while avoiding
important organs. Inverse planning software and
computer-controlled
intensity-modulation
of
numerous radiation beams during treatment make
IMRT possible. IMRT can now be administered by
linear accelerators with static or dynamic multi-leaf
collimators or tomotherapy equipment in several
clinical departments. This has resulted in therapeutic
ratio improvements for a variety of tumour types,
including head and neck cancers, prostate cancers,
and gynaecological cancers [45].

Several preclinical techniques have been developed
to target radiation-induced fibrosis in mice at diverse
organ locations, either by inhibiting matrix
production or decreasing inflammation [41]. TGF-1
receptor inhibitor LY2109761 was reported to reduce
radiation-induced inflammation and pulmonary
fibrosis, as well as prolong survival, in one lung
cancer model [42]. These findings prompted a phase
I/II study in SCLC patients employing stereotactic

As treatment margins become tighter and more
conformal in image-guided radiotherapy (IGRT), the
risk of missing tumour due to organ motion and
patient setup differences increases [46]. When
essential tissues are adjacent to the tumour, even a
minor positioning error can result in accidental
radiation of normal organs. IGRT enables for the
detection and repair of such faults using information
obtained from pre-radiotherapy imaging. One
6
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example is the use of daily cone-beam CT scans prior
to each treatment [47]. Because of the increased
accuracy, dosage escalation is now possible [48],
which has improved the therapeutic ratio for a variety
of tumour types, including head and neck cancers
[49] and prostate cancers [50].

advantages of cancer treatment and the risk of cardiac
damage and many more.
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SBRT (Stereotactic body radiation therapy), which
precisely delivers very high individual doses of
radiation over only a few treatment fractions to ablate
tiny, well-defined primary and oligometastatic
tumours anywhere in the body [51], is made possible
by the foregoing technological breakthroughs. Any
tissue immediately close to the tumour is likely to be
destroyed due to the high radiation exposure.
Clinically relevant toxicity is rare since the quantity
of normal tissue in the high dosage zone is tiny and
non-eloquent [52]. SBRT has proved to be effective
in treating early-stage non-small cell lung cancer in
patients who are unable to undergo surgery. Prostate,
head and neck, hepatic, renal, oligometastases, spinal,
and pancreatic tumours are among the others [53].
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