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Abstract

Background: Radiotherapy (RT) is the chief nonsurgical method to control malignant tumors. RT has advanced in
both methodological and biological aspects over the past few decades. Though RT is a momentous adjuvant non-
invasive technique, it leaves behind some unsympathetic effects. Research is going on to surmount these
pessimistic sides of RT.

Methods: We made a mini review of recent articles from the period of 2000 to 2017 regarding radiotherapy and its
side effects in various types of cancers. The literature review was done by searching in PUBMED, MEDLINE, and
SCOPUS.

Results: Here, we spotlight the physiological and genetic risks associated with the cancer patients undergoing RT.
We illustrated the course of RT in most prevalent cancers tailored with dosage distribution. Radiation-induced
mutation in the patients undergoing RT has been shown with evidence. Further, the major drawbacks like the
development of radiation resistance in cancerous cells and secondary malignancies have been discussed. The
problems associated with radiation dosage in terms of infertility and rejuvenation of reproductive cells has also
been discussed. Finally, we discussed the latest treatment stratagem of RT in cancer.

Conclusion: Cancer treatment will not be accomplished devoid of radiotherapy. But we can brace RT using
radiosensitizers and ayurvedic radioprotectors.
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Background
Cancer is the third leading cause of morbidity and mor-
tality worldwide (Thun, DeLancey, Center, Jemal, &
Ward, 2009). Even though there are no specific drugs
designed for it, radiotherapy (RT) is the main treatment
for cancer and over 60% of cancer cases require radi-
ation therapy. RT is referred to as irradiation or X-ray
therapy. Radiation results in puncturing the DNA of the
cancer cells, which inhibits their growth and division
thus destroying them. Normal cells neighboring cancer
cells can also be affected by radiation. Even though RT
is widely used around the world, it leads to many side ef-
fects. The effect of radiation and cancer occurrence can
be studied from the epidemiological research of atomic

bomb survivors (Land et al., 2003; Preston, Shimizu,
Pierce, Suyama, & Mabuchi, 2003; UNSCEAR, 2000).
Early stage cancers are treated with radiation therapy.
The major limitation of radiotherapy is the damage of
normal cells surrounding the malignant tumor (Barber
et al., 2000; Sprung, Chao, Leong, & McKay, 2005).
Around 5% of radiosensitive cancer patients are exposed
to limited radiation doses to prevent severe radiotherapy
side effects. Before treatment, we have to identify predic-
tors for increased radiosensitivity in radiation biology.
This process helps to identify patient-specific radiother-
apy (Sprung, Davey, Withana, Distel, & McKay, 2008).
The dosages of radiation given to patients are different
for different cancers. The amount of radiation given to
the patient may depend on the size of tumor, type of
surgery, implication of lymph nodes, and qualities of
cancer (Dayes et al., 2006). This review describes about
the recent radiation therapy treatments meant for

* Correspondence: geneticbala2018@rediffmail.com
1Human Molecular Genetics and Stem Cell Laboratory, Department of
Human Genetics and Molecular Biology, Bharathiar University, Coimbatore,
Tamil Nadu 641046, India
Full list of author information is available at the end of the article

The Journal of Basic
and Applied Zoology

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

Mohan et al. The Journal of Basic and Applied Zoology           (2019) 80:14 
https://doi.org/10.1186/s41936-019-0083-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s41936-019-0083-5&domain=pdf
mailto:geneticbala2018@rediffmail.com
http://creativecommons.org/licenses/by/4.0/


various cancers and their associated side effects. Study-
ing about the physiological and genetic risks associated
with RT is a need of the hour. Hence, this mini review
was aimed to collect data on the risks of radiotherapy
and to ensure whether ayurvedic formulations will di-
minish their adverse effects.

Main text
Physiological risks of radiation treatment in various
cancers
Radiotherapy is a major element in the cancer treatment
with approximately 50% of cases from various types of
cancers benefits from RT. According to the Directory of
Radiotherapy Centres (DIRAC) data, the worldwide
prevalence of cancers and the availability of radiotherapy
centers are depicted in Figure 1. Developing countries
account for high population but less availability of radio-
therapy centers when compared to developed countries.

Breast cancer
The treatment for breast cancer includes both external
beam radiation therapy (EBRT) and internal beam radi-
ation therapy (IBRT). In EBRT, the X-rays are targeted
on to the external surface of the cancerous body for few
minutes, whereas IBRT is partial breast radiation but
consists of limited side effects. Internal beam radiation
therapy is also called as brachytherapy, in which radio-
active implant is placed near the tumor. About 4500–
5000 cGy dosage is given for 5 weeks to treat cancers

present in breast and lymph node areas. Additional dos-
age of 1000–2000 Gy for 1 week is recommended as a
boost (Dayes et al., 2006).The complete dose is not given
directly at a time; instead, it is broken down to several
daily doses called “fractions.” Usually, radiation therapy
starts within 3 to 4 weeks after surgery. Common side
effects like swelling and heaviness in the breast, fatigue,
irritation of skin in the targeted area, which may be mild
or intense and discoloration or a bruised appearance
(Harris, Lippman, Morrow, & Osborne, 2014), problems
in breastfeeding, lymphedema, acute radiation derma-
titis, and a very rare cancer called as angiosarcoma could
develop due to radiation therapy treatment for breast
cancer (Haruna, Lipsett, & Marignol, 2017).

Head and neck cancer
In the case of head and neck cancer,
intensity-modulated radiotherapy (IMRT) and brachy-
therapy are the techniques used predominantly.
Intensity-modulated radiotherapy is the sophisticated
form of three-dimensional conformal radiation therapy
(3D-CRT), which can modulate the intensity of radiation
at the sharply conformal target without damaging the
surrounding normal tissues (Eisbruch, Ten Haken, Kim,
Marsh, & Ship, 1999; Nutting, Dearnaley, & Webb,
2000) Brachytherapy can be of two types, intracavitary
(implant placed in a cavity) and interstitial radiation (im-
plant placed in or near cavity, other than body cavity).
The dosage of 56–70 Gy during the early stage of head

Fig. 1 Worldwide prevalence of cancer and availability of radiotherapy centers. Estimation of cancer incidence and availability of radiotherapy
services worldwide as determined by the Directory of Radiotherapy Centres (DIRAC) database as per 2018. The color bar shows the number of
radiotherapy centers available in various countries
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and neck cancer is advisable. It can be administered at
the level of 2 Gy per fraction daily for 6 weeks. Depend-
ing on the type of radiation, the dosage can vary from 56
to 66 Gy (Pradier et al., 2004). Trouble in swallowing,
soreness, hair loss, and tooth decay are the side effects.
A late complication leads to xerostomia, a poor dental
condition, compromised oral hygiene, altered taste sen-
sation, nutritional deficiency, poor sleep quality, and im-
paired speech function (Bjordal, Kaasa, & Mastekaasa,
1994). A dosage of 35 Gy leads to permanent loss of
function of salivary glands and results in xerostomia
(Yeh, 2010).

Liver cancer
External beam radiation therapy, 3D-CRT, IMRT, and
stereotactic body radiation therapy (SBRT) are the re-
cent radiotherapy techniques to treat liver cancer. In
SBRT, high doses of radiation are delivered at a particu-
lar target without damaging the surrounding normal tis-
sues. In 3D-CRT, radiation beams are delivered in
multiple small volumes targeted at the 3D shape tumor
(Dawson et al., 2000). These techniques also reflect
many side effects. In liver cancer, the radiation therapy
dosage taken is nearly 70 Gy. If the radiation therapy
doses of 30–33 Gy are applied to the entire liver, 5% risk
of radiation-induced liver disease (RILD) will occur but
a dose of 40 Gy leads to 50% risk of RILD (Fuss, Salter,
Herman, & Thomas Jr, 2004). Common side effects in-
clude nausea, vomiting, gastritis, upper abdominal pain,
gastric or duodenal bleeding, and fatigue (Dawson et al.,
2000; Lawremce et al., 1991; McGinn et al., 1998; Rob-
ertson et al., 1993).

Non-melanoma skin cancer
Broadly used treatments for non-melanoma skin cancer
include EBRT, brachytherapy, and superficial radiation
therapy (SRT) (Rong, Zuo, Shang, & Bazan, 2015). A
total dosage of 45 Gy is delivered in 3 Gy doses of 15
fractions for 3 weeks period. Erythema and mild discom-
fort is seen during treatment, but systemic side effects
are rare. Late complications such as hyper- or
hypopigmentation, telangiectasias, and atrophy are seen
(McGregor, Minni, & Herold, 2015).

Thyroid cancer
Thyroid cancer is treated with EBRT of a standard dose
of 60 Gy in 30 fractions (Brierley, 2011). Radioactive iod-
ine therapy (radioiodine or iodine-131) is used to detect
and kill the thyroid cells, which are not removed by sur-
gery. Swelling or pain of salivary gland, headache, ver-
tigo, insomnia, vocal cord paralysis, fatigue, general
malaise, foreign body sensation, body numbness, and
urinary tract infection symptoms are some of the side ef-
fects (Lu, Shan, Li, & Lu, 2016).

Colorectal cancer
For colorectal cancer, EBRT is considered as an effective
treatment at stage IV. The dosage ranges from 40 to 74
Gy with 1.8–2.0 Gy per fraction being administered to
the colorectal patients (Bae et al., 2011). Possible side ef-
fects include nausea, bowel incontinence or stool leak-
age, fatigue, tiredness, rectal irritation, skin irritation,
bladder irritation along with burning sensation or pain
while urinating, diarrhea, painful bowel movements, and
blood in the stool. Besides, sexual problems such as va-
ginal irritation in women and erection issues in men are
also encountered due to radiation therapy (Van Schaey-
broeck et al., 2005).

Prostate cancer
In case of prostate cancer, positron emission tomog-
raphy (PET) with prostate-specific membrane antigen
(PSMA)-based EBRT is the most widely used technique
with high specificity and sensitivity for the detection of
lymph nodes and metastases. External beam radiation
therapy for prostate cancer patients resulted in develop-
ing obstructive voiding symptoms and it negatively af-
fects their quality of life (Hoppe et al., 2014; Sanda et al.,
2008). The radiation dosage of 70.2 Gy or an increased
dosage of 79.2 Gy can be used to treat prostate cancer at
the initial stage. The booster dose of 19.8–28.8 Gy can
be administered after surgery or later stage of cancer.
Side effects include radiation proctitis, rectal bleeding,
diarrhea, hematochezia, radiation cystitis, impotence, fa-
tigue, lymphedema, and erection problems (Vicini, Kes-
tin, Ghilezan, & Martinez, 2006; Zietman et al., 2005).

Lung cancer
Lung cancer treatment includes two types of EBRT such
as 3D-CRT and IMRT. Even though the RT dose of 60
Gy causes certain side effects, it is given as standard dos-
age for lung cancer in 4–5 fractions (Ming et al., 2016).
If the dosage is increased to 70 Gy, it leads to severe
risks of shortness of breath, difficulty in swallowing,
shoulder stiffness, cough, fever, breast or nipple sore-
ness, and radiation pneumonitis, which can occur be-
tween 2 weeks to 6 months after radiotherapy and
decreases survival rates (Gensheimer & Loo, 2017).

Endometrial cancer
Widely used treatments for endometrial cancer include
adjuvant vaginal brachytherapy and pelvic EBRT. Total
dosage of 46 Gy can be delivered as 23 fractions for 5
days per week to treat early stage endometrial cancer.
Also, doctors recommend an additional dosage of 1000–
2000 Gy as a boosting dosage for 1 week. Bowel incon-
tinence, rectal bleeding, bladder irritation, and diarrhea
are some common side effects accompanied by changes
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in menstruation, vaginal itching, burning, dryness, and
infertility (Kellas-Sleczka, Wojcieszek, & Białas, 2012).

Ovarian cancer
For ovarian cancer, referring to the stage of the disease,
four types of RT are carried out such as adjuvant RT at
early stage, consolidative RT at advanced stage, salvage
RT at recurrent disease, and palliative RT at metastatic
disease. A total dosage of 22.5–33 Gy in 10–24 fractions
for 5 weeks is administered for the abdomen region and
an additional dose of 40–45 Gy delivered to the pelvis.
For epithelial ovarian cancer, RT treatment includes
EBRT to the entire abdominal cavity with 22–24 Gy in
22–24 fractions followed on the pelvis with 23.4–21.6 Gy
in 12–13 fractions. Side effects such as radiation entero-
colitis, bowel discomfort, and vaginal irritation were
seen (Rai, Bansal, Patel, & Sharma, 2014).

Risks and remedies of radiation therapy in various can-
cers are collected in Table 1.

Genetic mutations occurring after radiation therapy in
cancer patients
In cancer patients, chromosomal abnormalities are one
of the major adverse effects caused by RT. Structural
chromosomal aberrations and numerical or copy num-
ber alterations are seen in cancer patients, who have
undergone RT (Grade, Difilippantonio, & Camps, 2015).
The genes responsible for cell proliferation and cellular
repair have undergone mutation, accumulated in the
genome resulting in cancer (Kim, Chandrasekaran, &
Morgan, 2006; Klein, Casey, & Silverman, 2006; Sand-
berg, 1991). The increase or decrease in the frequency of
chromosomal aberration is proportional to the radiation
dose (Sprung et al., 2005). Dicentric chromosome, an

Table 1 Risk and remedies of radiation therapy in various cancers

S.
no.

Type of
cancer

Radiation
dosage
(Gy)

Associated risks Potential Ayurvedic remedies

1 Breast
cancer

45–50 Swelling and heaviness in the breast, fatigue, irritation of
the skin in the targeted area, and discoloration or a
bruised appearance. Problems in breastfeeding,
lymphedema, acute radiation dermatitis, and a very rare
cancer called as angiosarcoma

Treatment with pentoxifylline and topical purified honey
ointment rescued skin-related problems (Shoma et al.,
2010)

2 Head and
Neck Cancer

56–66 Trouble in swallowing, soreness, hair loss, tooth decay,
xerostomia, oral mucositis, altered taste sensation,
nutritional deficiency, poor sleep quality, and impaired
speech function

Thyme honey showed better treatment for xerostomia
and mucositis (Charalambous et al., 2017).

3 Liver Cancer 70 Nausea, vomiting, gastritis, upper abdominal pain, gastric
or duodenal bleeding, and fatigue

Ginger and metoclopramide treatment are efficient to
treat nausea and vomiting (Sontakke, Thawani, & Naik,
2003). Arogya-wardhani used to rescue abnormal liver
functions (Antarkar, 1980)

4 Non-
melanoma
Skin Cancer

45 Erythema, dermatitis, and atrophy Turmeric and sandalwood containing cream can treat
dermatitis (Palatty et al., 2014)

5 Thyroid
Cancer

60 Swelling or pain of salivary gland, headache, vertigo,
insomnia, vocal cord paralysis, fatigue, general malaise,
foreign body sensation, body numbness, and urinary tract
infection

Inhalation of blended 1ml lemon and 0.5 mL of ginger
essential oils showed significant improvement in salivary
gland secretion (Nakayama, Okizaki, & Takahashi, 2016)

6 Colorectal
Cancer

40–74 Nausea, bowel incontinence or stool leakage, fatigue,
tiredness, rectal irritation, skin irritation, bladder irritation
along with burning sensation or pain while urinating,
diarrhea, blood in stool, vaginal irritation in women, and
erection issues in men are seen

Navjeevan Rasayana, Tamra Bhasma, Swarna Bhasma,
Hirak Bhasma, Agni Rasayana, Sutendra Rasayana, and
Pranwallabhrasayana are improved QoL of colon cancer
(Bendale et al., 2015)

7 Prostate
Cancer

70.2 Radiation proctitis, rectal bleeding, diarrhea,
hematochezia, radiation cystitis, impotence, fatigue,
lymphedema, and erection problems

Vicenin 2 having chemo-radioprotective effect in prostate
cancer cells (Malvika, Satyapal, Lal, & Mita, 2016)

8 Lung Cancer 60 Shortness of breath, difficulty in swallowing, shoulder
stiffness, cough, fever, breast or nipple soreness, and
radiation pneumonitis

Navjeevan Rasayana rescued laryngeal functions like
voice, breathing, and swallowing (Bendale, Bendale, Birari-
Gawande, Kadam, & Gund, 2015)

9 Endometrial
Cancer

46 Bowel incontinence, rectal bleeding, bladder irritation,
diarrhea, changes in menstruation, vaginal itching,
burning, dryness, and infertility

Ficus hispida is used as an anti-inflammatory and also
treat hemorrhage (Ali & Chaudhary, 2011)

10 Ovarian
Cancer

22.5–33 Radiation cystitis, bowel discomfort, and vaginal irritation Sandalwood oil and lupeol are used to treat genitourinary
tract infection and cystitis (Kuvar, Lambole, Shah, Shah, &
Shah, 2013; Misra & Dey, 2013)
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abnormal chromosome with two centromere or translo-
cated chromosomes, is an estimated risk of radiation
dosage done by scoring chromosomal aberrations (Abe
et al., 2016). In dicentric chromosomes, although the
cells are unstable and cannot be passed through repeated
mitotic division, the translocated chromosomes are
stable. Dicentric chromosomes and translocations are
produced equally in human peripheral blood after radi-
ation therapy (Kanda, 1996; Zhang & Hayata, 2003). Ra-
diation therapy leads the cells to form free radicals
resulting in DNA breakage, base pair alteration, and
DNA-DNA cross-linking. In general, the harmful effect
of radiation causes defects during DNA replication and
affects the repairing mechanism of DNA damage (Lori-
more & Wright, 2003). New studies state that the muta-
tion caused by radiation therapy in cellular DNA can get
transmitted and expressed in the progeny surviving cell
(Tomita & Maeda, 2015). Genomic instability arises with
radiation-induced bystander effect, which causes DNA
damage, chromosomal instability, mutation, and apop-
tosis (Kadhim et al., 2013; Kaplan, Limoli, & Morgan,
1997; Little, 2003; Morgan, Day, Kaplan, McGhee, &
Limoli, 1996). Very low dosage of radiation for a long
period of exposure can also cause chromosomal aberra-
tions (Cho et al., 2015), which include aneuploidy (Heim,
Lench, & Swift, 1992), gene deletion (Kadhim et al.,
1992), and stable and unstable aberrations (Little, 2003).
The most common type is aneuploidy occurring as a re-
sult of mitotic chromosome segregation (Malmanche,
Maia, & Sunkel, 2006), (Sen, 2000).

Secondary malignancies after radiation therapy
Secondary malignancies are the cancers occurring even
after the initial treatment of the primary cancer. Radio-
therapy with or without chemotherapy is a potential risk
factor for secondary malignancies (Lin, 2016). Though
ionizing radiations are used to destroy cancerous tissues,
the incidence of second malignant neoplasm (SMN)
arises among long-term survivors. Hence, ionizing radia-
tions are carcinogenic agents. With improved survival
rates, the increasing SMN attributable to radiation ther-
apy has become a major concern among long-term sur-
vivors (de Gonzalez et al., 2011; Tubiana, 2009; Xi et al.,
2013). Recurrent malignancies need to be detected early
to reduce further complications and to increase the sur-
vival rate (Benveniste et al., 2013). Radiotherapy and
tumor microenvironment affect “naïve” cells and tissues
by inducing the secretion of inflammatory factors such
as cytokines and free radicals. Then, the activated im-
mune system directly or indirectly induces oxidative
DNA damage into the environment. Therefore, monitor-
ing DNA damage as early as possible enables the under-
standing of the underlying mechanisms of non-targeted
effects (Sprung et al., 2015). Three characteristic features

are exhibited by cancer that occurs due to radiation
therapy. First, histological features of primary and sec-
ondary cancers are different. Second, the secondary can-
cers are present within the area, which has been
previously treated with radiation. Third, secondary can-
cer consists of a latency period of 5 years. The main
cause of secondary malignancy is DNA damage during
the treatment of primary cancer. In breast cancer pa-
tients, the chance of recurrence of secondary malignancy
is much reduced. Secondary cancers occurring due to
radiotherapy is only a small proportion, when compared
to the remaining factors like lifestyle, carcinogenic ex-
posure, and genetics (de Gonzalez et al., 2011).

Infertility after radiation therapy
Women undergoing RT in the abdomen or pelvis region
are prone to fertility issues based on the dosage. High
dose of radiation therapy causes the destruction of eggs
in the ovary and also leads to early menopause. Al-
though RT causes decreased fertility in women, the site
of exposure will also tend to attribute to future fertility.
Abdominopelvic radiation therapy leads to side effects
such as miscarriage, preterm labor, low birth weight, and
placental abnormality (Cruz & Bellver, 2014). When ra-
diation is directed into the uterus for treating endomet-
rial cancer, the ovaries absorb a high dose of radiation
and this leads to 5% infertility and side effects such as
miscarriage, low birth weight in infants, and premature
birth (Balcerek, Reinmuth, Hohmann, Keil, &
Borgmann-Staudt, 2012; Gnoth et al., 2005; Habbema et
al., 2009; Wo & Viswanathan, 2009). Radiation in the
brain affects the pituitary gland, which in turn will affect
ovulation rate by altering hormonal balance. The dosage
and area of exposure determine the fertility rate. Cra-
niospinal irradiation causes hormonal changes, which
can pose problems related to pregnancy later in life. Cra-
nial radiotherapy causes dysfunction in the
hypothalamic-pituitary axis, leading to uterine damage
or abnormal ovulation. The cranial irradiated patients
undergo abnormality in gonadal axis (Ash, 1980). The
dose of radiation is related to the age of patients. For ex-
ample, 400 cGy causes 30% infertility in young women;
instead, the same dose causes 100% sterility in women
aged above 40 years.
In males, fractionated irradiation of testes may be

more harmful than acute, at least up to a total dosage of
600 cGy. Fractionated dosage (FD) greater than 35 cGy
causes aspermia and the recovery time depends upon
the dosage, but if FD is greater than 200 cGy, the prob-
ability of aspermia is high (Grover et al., 2012; Zaletel,
Todorovski, & Jereb, 2012). Primary testicular damage
occurs when radiation is directly aimed near the testi-
cles. Spermatogonia are more sensitive to radiation. Even
a dosage as low as 600 cGy causes irreversible damage,
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while less than this dosage causes a drop in number and
quality of sperm produced. Secondary or indirect tes-
ticular failure occurs following RT to the brain. This
causes damage to the pituitary gland and results in the
imbalance of hormones such as FSH and LH, and both
of these hormones are needed for stimulating spermato-
gonia and Leydig cells. This will also cause a decreased
level of testosterone production. During prostatectomy,
both prostate gland and nearby seminal vesicles are re-
moved. Together with prostate gland, they carry sperm
down to the urethra and out of the penis during ejacula-
tion. Damage caused by radiation therapy leads to im-
possible ejaculation, so the sperm does not get out of
the body and cannot reach the ovum for fertilization to
occur (Orth et al., 2014). An individual receiving higher
dose of radiation therapy and chemotherapy needs to
wait for a longer period to regain sperm production.
Factors such as existing fertility issue and age also affect
fertility. Younger boys who are exposed to RT before pu-
berty does not have much reduction in sperm produc-
tion, but stronger treatment causes premature infertility.
Leydig cells are relatively resistant to the damaging effect
of RT. The normal function of Leydig cells remains nor-
mal when treated with doses less than 2400 cGy; the
Leydig cells produce testosterone, which is required for
normal sexual activity (Nutting et al., 2001).

Recent treatment strategies in radiotherapy
Recently, most widely used advanced therapy for treat-
ment of cancer includes intensity-modulated radiother-
apy (IMRT) and image-guided radiotherapy (IGRT)
(Nutting et al., 2001). Introduction of IMRT technique
suggests that local administration of radiation will im-
prove the target covering and thereby decreasing the
damage to the surrounding cells. Modern radiotherapy
technique has less toxicity than the classical radiother-
apy technique (Bortfeld, 1999; Chandra et al., 2005; Kole,
Aghayere, Kwah, Yorke, & Goodman, 2012; Nguyen et
al., 2012). Image-guided radiotherapy is the radiation
treatment using X-rays which includes the scanning of
the tumor site such that the radiotherapy field consists
of the tumor site as well as the borderline. It gives an
idea about the size, shape, and position of the cancer
cells as well as the surrounding tissues.
Intensity-modulated radiotherapy and image-guided
radiotherapy cause curative and acceptable complica-
tions other than pre-existing harmful effects in locally
advanced esophageal cancer (Lin et al., 2012). Variations
in IMRT treatment is used for optimal control by de-
creasing harm to neighboring cells. During complex
treatments like distal esophageal cancer, the use of
IMRT is much better than 3D-CRT (Bujold, Craig, Jaf-
fray, & Dawson, 2012; Dolezel et al., 2015). Hence, novel
methods such as IMRT and IGRT have become better

treatment methods with fewer side effects.
Intensity-modulated radiotherapy can deliver steep dos-
age, which will have important clinical aspects. This also
makes IMRT more accurate and less harmful to the
nearby tissues. Image-guided radiotherapy act as a qual-
ity assurance for high-quality IMRT (Grills et al., 2008),
while IMRT used along with 3D-CRT improves target
specificity and reduces the risk of myelopathy.
Intensity-modulated radiotherapy does not only spare
the organs at risk but also it irradiates the different doses
of radiation for different tumors commonly known as
simultaneous integrated boost technique (De Ruysscher
et al., 2010). Recent technology has reduced planning
target volume margins, which include cone beam com-
puted tomography (CBCT) and 4D-CT simulation (San-
gro, Iñarrairaegui, & Bilbao, 2012). Clinically, more
accurate calculations have been obtained by using IMRT
and proton beam therapy (PBT) techniques (Yu & Kim,
2015). Emergence of carbon-ion radiotherapy (CIRT)
has an acceptable value, because it enables sufficient vol-
ume of radiation to the tumor site along with lesser dose
to the surrounding normal tissues by means of carbon
ions, which have higher atomic mass and can penetrate
into the tumor and give better results than other parti-
cles (Tsujii, 2017). Transarterial radioembolization
(TARE) technique is accomplished by the use of
high-energy radioisotope of yttrium 90 (Y) pure beta
rays loaded into 25–32.5 μM-sized microspheres and get
inserted into tumors (Kennedy et al., 2007; Liapi &
Geschwind, 2010). Transarterial radioembolization
causes less damage to the vascular system (Lau et al.,
2013; Sato et al., 2006) by means of microembolisation
(minimal to moderate embolisation) (Budach, Hehr,
Budach, Belka, & Dietz, 2006; Orth et al., 2014; Salem et
al., 2010). Elderly patients having NSCLC (non-small cell
lung cancer), when treated with stereotactic ablative
radiotherapy (SABR), show an improvement in the re-
sults. In SABR, the radiation beams meet at different
parts of the tumor so that maximum intensity of radi-
ation can reach the site. Hence, the tumor receives a
high dose of radiation within a short range of area.
Combination of chemotherapy with radiotherapy has
attained a great achievement in the treatment of cancer
(Begg, Stewart, & Vens, 2011). Apart from this, the com-
bination of radiotherapy and molecularly designed
agents to target specific cancer gives better outcomes.
Stratification of the patient will result in the effectiveness
of this type of technique and the side effects will be re-
duced (Niyazi et al., 2011). Introduction of smart radio-
therapy biomaterials (SRBs) such as radio-opaque
fiducial markers into the site of the tumor-bearing or-
gans will reduce the harmful effect to the neighboring
cells. These markers consist of radio-opaque materials,
such as gold or a metal alloy for determining the cancer
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site. The main advantage of this technique is that it has
minimal immunogenicity and toxicity (Bair, Bair, & Vis-
wanathan, 2015). Another radiation technique is Rapi-
dArc technique or volumetric modulated arc therapy
(VMAT), which gives high conformal dose distribution
through a complete rotation of about 360 °. Compared
with conventional radiation therapy and IMRT, VMAT
gives more accurate and less damage to the surrounding
tissue with better advantage (Clivio et al., 2009; Cozzi et
al., 2008; Palma et al., 2008; Shaffer et al., 2010; Verbakel
et al., 2009). Volumetric modulated arc therapy is the
developed form of IMRT. VMAT is a developing clinical
therapy technique, which cannot be used as a curative
method for all clinical cases (Holt, van
Vliet-Vroegindeweij, Mans, Belderbos, & Damen, 2011),
but it plays a vital role in the improvement of the quality
of life.

Fortification of risks of radiotherapy
The adverse effects of RT can be overcome by using
radiosensitizers and radioprotectors (Lu et al., 2016).
Radiosensitizers are the compounds that can sensitize
the tumor target itself and eliminate the free radicals
produced from the cell damage. Hyperbaric oxygen, car-
bogen, nicotinamide, metronidazole, hypoxic cell cyto-
toxic agents including mitomycin-c, tirapazamine,
motexafin gadolinium, taxanes, and irinotecan are some
of the radiosensitizers used to increase the efficacy of RT
treatment. Radioprotectors are mostly antioxidants that
can be used before or at the time of RT to protect nor-
mal cells. Amifostine (Ethyol) and nitroxides are some
examples of radioprotectors (Prasanna et al., 2015;
Raviraj, Bokkasam, Kumar, Reddy, & Suman, 2014).
Ayurvedic radioprotectors are now provoking the eyes

of researchers and therapists because of their zero side
effects. Many preclinical and clinical studies are ongoing
with the radioprotective effects of plants. Studies re-
ported that the ayurvedic formulations such as Tri-
phala, Amritaprasham, Chyavanprasha, Ashwagandha
Rasayana, Brahma Rasayana, and Narasimha Rasayana
are effective radioprotectors by means of scavenging
free radicals, decreasing oxidative stress, inhibiting
DNA damage, and regenerating bone marrow progen-
itors, anti-inflammatory chemoprotection, and immu-
nomodulatory mechanisms (Baliga, Meera, Vaishnav,
Rao, & Palatty, 2013).

Conclusions
Development of science and technology introduces new
techniques for the effective treatment of cancer. Among
various methods of radiation therapy, some are already
being used and others need more study for their wide-
spread use. Though new therapies have been developed
to treat cancer, RT remains an indispensable technique

in the management and control of most of the cancer
types. It also plays a vital role as an organ-preserving
method by reducing the need and chance of surgery. Es-
pecially, using ayurvedic drugs in combination with
radiotherapy are found to be a better management.
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