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Cancer originates from genetic mutations accumulation. Cancer stem cells have been depicted as tumorigenic cells that can
differentiate and self-renew. Cancer stem cells are thought to be resistant to conventional therapy like chemotherapy and radiation
therapy. Radiation therapy and chemotherapy damage carcinomicDNAcells. Because of the ability of cancer stem cells to self-renew
and reproduce malignant tumors, they are the subject of intensive research. In this review, CSCs radioresistant mechanisms which
include DNA damage response and natural radiosensitizers have been summed up. Reactive oxygen species play an important
role in different physiological processes. ROS scavenging is responsible for regulation of reactive oxygen species generation. A
researcher has proved that microRNAs regulate tumor radiation resistance. Ionizing radiation does not kill the cancer cells; rather,
IR just slows down the signs and symptoms. Ionizing radiation damages DNA directly/indirectly. IR is givenmostly in combination
with other chemo/radiotherapies.We briefly described here the behavior of cancer stem cells and radioresistance therapies in cancer
treatment. To overcome radioresistance in treatment of cancer, strategies like fractionationmodification, treatment in combination,
inflammation modification, and overcoming hypoxic tumor have been practiced. Natural radiosensitizers, for example, curcumin,
genistein, and quercetin, are more beneficial than synthetic compounds.

1. Introduction

Cancer is now the most common cause of human death.
Although many advances have been made in the treatment
of cancer, still mortality rate of cancer malignancies remains
the same, due to the tumor resistance to radiation therapy.
Themost common cause of failure is the development of sec-
ondary tumors andmetastasis. Cancer iswidely characterized
by the abnormal growth of cells having genetic/epigenetic
changes, which results in high rate of morbidity and mor-
tality. With the declaration of cancer war, substantial steps
are made in the battle of cancer biology for more under-
standing. Thus, antitumor therapy showed evident results
against the genetic material of tumor destruction. Usually,

the carcinomic DNA cells are damaged during radiation
and chemotherapy. Commonly, cancer treatment includes
both radiation and chemotherapy depending on the patient
condition and wound type. Still, cancer is found to be one
of the incurable diseases. The inadequate prognosis and late
detection of malignancy made the survival rate lower.

Oncologists face another problemduring treatmentwhen
renewal of tumor takes place. Metastasis happens by evading
the DNA-damaged induced cells and makes the tumor cells
able to regrow; thus, they are termed cancer stem cells.
Although the mechanisms are still not clear, worldwide work
is going on to illuminate CSC’s resistance. Cancer stem cells
due to their ability to self-renew and reproduce malignant
tumors are the subject of intensive research. Stem cells by
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Figure 1: ROS have superoxide anion, hydrogen peroxide, and hydroxyl radical. Superoxide anion (O
2

∙−) generated fromNADPH oxidation
through NADPH oxidases. It reduces to hydrogen peroxide (H

2
O
2
) where superoxide dismutase (SOD) acts as catalyst. Hydrogen peroxide

further reduces to H
2
O via catalase/oxidized iron (Fe2+) to highly reactive hydroxyl ion (OH−). During oxidative stress, when generation

of reactive oxygen species spaces out their scavenging system, levels of oxidized reactive oxygen species accumulate and this damages many
cellular factors.

asymmetric cell division give rise to progenitor cell into
differentiated cells. Cancer stem cells as compared with pro-
genitor cells have very low rate of development [1]. Normally,
origin of cancer occurs after genetic and epigenetic changes
within the cell as a result abrogating genomic instability. It
has been suggested that hierarchical original tissue structure
is preserved by abnormal clones, at the start of malignancy.
Through model of cancer stem cell, it is proposed that differ-
entiated cells are produced by transit-amplifying cells [2].

2. Cancer Stem Cells and Radiation
Therapy Response

Radiation therapy provides cure in many types of tumors.
Radiotherapy in the initial stage of tumor procession can
control tumor [3]. Radiation therapy is one of the effective
treatments for glioblastoma, but still tumor renewal causes
death of the patient. It was analyzed that cancer stem cells
survive more during radiotherapy than noncancer stem
cells. Although radiotherapy damages the same amount of
DNA in both cancer stem cells and noncancer stem cells,
cancer stem cells robustness ability to repair damage was
dominant. After radiotherapy, noncancer stem cells showed
more apoptosis. Genotoxic stress which is produced due to
the damage to organism genome triggers ATM, CHK1, and
CHK2 (serine/threonine-protein kinase) proteins which fur-
ther triggers DNA repair pathway. Cancer stem cells exhibit
basic level of checkpoint activation and are always ready
against genotoxic stress. Using CHK1 and CHK2 inhibitors
helps in radiation sensitivity of cancer stem cells [4]. Dur-
ing radioresistance, Wnt/𝛽-catenin plays an important role.
Radiation improves stem cells of murinemammary epithelial
cell line that had antiapoptotic proteins, that is, activated
𝛽-catenin and survivin. These cells have the ability to self-
renew elevation in mammosphere formation assay [5, 6].
Radiotherapy results in low reactive oxygen species (ROS)
in breast cancer stem cells as compared to noncancer stem

cells. This decrease in ROS level of breast could be the result
of raised radical scavenger properties.

3. Reactive Oxygen Species (ROS)

Reactive oxygen species have a very important role in the
physiological developmental processes, for example, emer-
gence of embryonic stem cells/differentiation of embryonic
cardiomyocytes [7–9]. It has been demonstrated that reactive
oxygen species are concerned withmany biological processes
like expression of genes, translational proteins, and protein-
protein interactions [10]. ROS function in cellular signaling,
signals propagation, and balancing of cellular input. They
function as variable resistor to organize several cellular
processes and set the cellular activity [11]. With the growing
advancement in genomics and proteomics, many pathways
give information about the balancing of reactive oxygen
species and how cellular processes are controlled. Particularly
in stem cells, change in state of oxidation, also called redox
regulation,may be responsible for communicatingmitochon-
dria and nucleus [12–14]. Redox-mediated communication
between mitochondria and nucleus explains the cellular
metabolism coordination with remodulation of chromatin,
cell cycling, expression of gene, repairing of DNA, and cell
differentiation. Reactive oxygen species are also concerned
with the process of ageing but much is not known about the
involvement of ROS in stem cells ageing [15, 16].

4. Genesis and Scavenging of Reactive
Oxygen Species

Reactive oxygen species originate from molecular oxygen
reducing one electron (Figure 1). Mainly intracellular ROS
are of three kinds: hydrogen peroxide (H

2
O
2
), superoxide

anion (O
2

−), and hydroxyl radical (OH−). Superoxide anion
comprises unpaired electron that rapidly reacts and reduces
to hydrogen peroxide through superoxide dismutase (SOD),
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an antioxidant enzyme [17]. Hydrogen peroxide further
reduces to water (H

2
O) and oxide ion (O

2
) through several

cellular antioxidants (Figure 1). Reactive oxygen species can
be observed intracellularly through many techniques, but
still many tries have failed to discriminate within different
ROS species. Hydrogen peroxide (H

2
O
2
) is considered as the

major ROS species in signaling of intracellular molecules and
in particular circumstances can directly play a role as second
messenger and in integration of environmental cues and
finally pass them to signal transduction cascade down.This is
usually due to longer half-life of hydrogen peroxide (H

2
O
2
)

and ability to discriminate via membranes comparatively
with other kinds of reactive oxygen species [10].

During normal physiological conditions, ROS scavenging
regulates the reactive oxygen species generation. ROS scav-
enging system includes such antioxidant enzymes that have
the ability to directly neutralize reactive oxygen species and
electron acceptance from reactive oxygen species.The abnor-
mal production of ROS leads to OS (oxidative stress) which
affects adversely multiple cellular components, that is, pro-
teins, lipids, and DNA. Within the cell, specific antioxidants
are specific for ROS species that prevents pathological levels
of reactive oxygen species and repairs the cellular oxida-
tive damage. Superoxide dismutase (SOD), catalase, per-
oxiredoxins (PRX), thioredoxin (TRX), glutathione peroxi-
dase (GPX), and glutathione reductase (GRX) are included.
Among all of these antioxidants, glutathione (a tripeptide) is
mostly synthesized by the cell. Glutaredoxin and thioredoxin
reduce the oxidized proteins and hydrogen peroxides while
superoxides and catalases reduce O

2

− and H
2
O
2
. The other

subcellular antioxidants present at increased generation of
ROS, like mitochondria, raise the ROS scavenging efficiency.

5. Reactive Oxygen Species in Metabolism of
Stem Cell

The process of catabolism and anabolism is termed cellular
metabolism in which chemical carbon converts substrates for
energy generation in the form of ATP.The reduction of cofac-
tors is called catabolism and production of macromolecules
precursors like lipids, nucleotides, and amino acids is known
as anabolism. The cellular processes can shift the balance
of catabolic and anabolic processes. The cellular processes
may include growth and proliferation which mostly yield
building blocks of deoxyribonucleic acids (DNA), proteins,
and membranes through anabolism. Metabolic pathways
can directly affect stem cells by remaining inactive, self-
renew, or differentiate [18–20]. The changes in ROS levels
can affect signaling pathways. The regulation of cell-cycle
progression, apoptosis, and quiescence/differentiation can be
altered through ROS by reacting with proteins like kinases
and phosphatases/transcription factor [21–23].Themetabolic
enzymes/proteins that direct the metabolic flux in nutrient-
sensing pathways can be modified directly by ROS [24–26].
As a result, reactive oxygen species can be the signaling
molecules that can play a role in both metabolism and stem
cell. Significantly, cell membrane can be affected via different
ROS-independent mechanisms. Mechanisms like epigenesis

and functioning of metabolic enzymes can be changed [27–
31]. Still, comparing the ROS effects, the discussions on
metabolism and cellmembranemethods are not considerably
characterized in the stem cells.

6. Damaged DNA Response/DNA Signaling

Radiation-induced cell death may take place through direct/
indirect transfer of energy to cellular structures that include
plasma membrane, mitochondria, and chromatin. During
replication stress or DSBs, proteins/enzymes like Ataxia
Telangiectasia Mutated (ATM), Ataxia Telangiectasia/
Rad3-related kinase (ATR), and CHK1 and CHK2 also
get engaged. These mechanisms of cell-cycle arrest allow
the enlistment of repair failure and irreversible damage of
proapoptotic molecules [32]. The common observation for
cancer stem cells resistance to radiation therapy is believed
to occur due to their DNA damage repairing ability that
is provoked by radiation/chemical drugs. This repairing of
DNA damage can be by elevation of DNA repair mechanism
directly or by cell-cycle progression indirectly. During DDR,
in normal and malignant cells, one of the important DNA
DSBs sensors is called MRN complex, that is, proteins like
MRE11, RAD50, and NBS. MRN complex has a major role
in binding and stabilization of broken DNA ends and also
activates ATM. The functioning of MRN complex by BMI
is interlinked with cancer stem cell molecules like Notch1,
ALDH1A1, CD44, and Sonic Hedgehog, along with telomere
biology, deregulation, tumor behavior, and prognosis of
disease [33].

It has been observed that ATM kinase, the important
signaling effector of DDR, plays a major role in DNA damage
resistance of cancer stem cells. ATM contains an important
sensor of DNA damage and kinase effector downstream that
plays the major role in cell-cycle control regulation, DNA
repair, senescence development, and apoptosis. It has been
indicated that ATM also plays its role in maintenance and
proliferation of normal stem cells. ATM plays two major
roles: a role in the survival of stem cell and significantly
in DDR part, in stem cell maintenance pathway [34, 35].
By considering the first role, ATM is concerned for the
survival of neuronal stem cells (NSCs). According to the exact
mechanism, although the expression of ATM in neuronal
stem cells is abundant, during cell differentiation, it reduces
gradually.This hypothesis indicates that for NSC functioning
and survival ATM is very important [36]. For maintenance
of normal self-renewal and proliferation of neuronal stem
cells, ATM is involved by controlling redox status. NSCs
become defective for proliferation with ATM loss through
oxidative-stress-dependent p38MAPK signaling, which sug-
gests that p38 is the main key in the ATM/NSCs defective
proliferation caused by oxidative stress [37, 38]. Furthermore,
it has been depicted that ATM by its function in DDR
plays the key role in human neural stem cell terminal
differentiation [39]. Moreover, for maintenance of stem cell,
ATM protein plays the major role in signaling pathways.
Further, ITCH E3-ubiquitin ligases activity is regulated by
ATM. ITCH belongs to the family of NEDD4, which is the
protein family taking part in different signaling pathways like
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TNF𝛼, DNA damage response, Notch, and Sonic Hedgehog
[40].

7. miRNAs CSC Resistance

MicroRNAs are a type of endogenous noncoding RNAs.
Modifications during regulation of cancer stem cells against
genotoxic insults include gene expression, which is regu-
lated by microRNAs (miRNAs). Through the invention of
miRNAs, many new ways have been opened in the world
of science about gene expression regulation and function-
ing of various cells, like differentiation, apoptosis, therapy
resistance, and proliferation [41]. For many years, it has been
proved that cancer development is linked with these tiny
genetic regulators. The miRNAs indicated huge information
regarding history and tumors state differentiation and thus
molecular link has been provided between cancer stem cells
and normal stem cells. The expression of miRNAs might
have adverse results for functioning of cancer cells for tumor
radiation resistance. Yan and coworkers were the first to
present the notion that DNA repair machinery could be
targeted by miRNAs and thus tumor cells sensitized to
radiation [42]. Now researchers proved that miRNAs can
regulate tumor radiation resistance [43–46].

8. Radiotherapy

Radiation therapy is the most effective tool against treatment
of cancer. High doses of radiation are used in radiation
therapy to halt growth of tumor. Ionizing radiation (IR), like
X-rays and gamma-rays, is commonly used for the treatment
of cancer because it has the ability to pass through tissues
and can break chemical bonds and help in the removal of
electrons from atoms to get ionized. The ionized ions as
a result damage cancer cells. Cancer cells are not killed
immediately by ionizing radiation; in fact, substantial time
is required for killing of cancer cells. Ionizing radiation can
decrease the signs and symptoms induced by a growing
tumor. To increase the effect of therapies, ionizing radiation
is often given before, during, and even after the surgery. The
exposure of ionizing radiation can be external and internal.
External beam radiation like X-rays or 𝛾-rays targets the
particular part of the cancerous patient.Therapies of internal
radiation have neutrons, electrons, protons, 𝛼 or 𝛽 particles,
and carbon ions in which solid or liquid radiation is placed
within the body. The use of ionizing radiation to kill cancer
cells biologically depends on the kind of radiation being
given, amount of dosage, rate of fractionation, and the organ
to be targeted [47].

Although radiotherapy is one of the most effective treat-
ments for cancer, still a large number of patients had radiore-
sistance of their cancers. Ionizing radiation if given alone is
found to bemore effective against few cancers like non-small-
cell lung cancer, cervical cancer, larynx cancer, skin cancer,
head and neck cancer, prostate cancer, and lymphomas, but it
is not found to be effective for the cancers like breast cancer,
glioblastoma, advanced non-small-cell lung cancer, bladder
cancer, and soft tissue carcinoma, maybe because of intrin-
sic radioresistance of cancer cells [48]. Ionizing radiation

combined with other modes of treatment gives hope against
radioresistant cancers. Ionizing radiation can cause DNA
damage directly or indirectly. Basically, the radiation-induced
bystander effect is the major part of ionizing radiation
mediated damage which transfers the irradiated damage
signals to unirradiated cells of cancer. Another hypothesis is
that bystander effect also plays its role in imbalance of genome
and carcinogenesis [49]. The most important constituents
of IR-induced bystander effect are reactive oxygen species
[50, 51]. This phenomenon also involves cytokines, activated
macrophages, and nitric oxide (NO) [52].

Cellular senescence by permanently arresting the cells
growth maintains a substantial tumor-suppressive effect and
also damages the surrounding microenvironment. Among
cellular senescence, the senescence-associated secretory phe-
notype (SASP) causes deleterious effects, promotes the proin-
flammatory responses, and results in progression of tumor
[53]. Senescent cells activate the factors of senescence-
associated secretory phenotype, that is, soluble signaling and
proteases, to maintain potential effects. The major factors
of SASP are interleukins, angiogenic factors, inflammatory
cytokines, and growth and also have an impact on the neigh-
boring cells. Senescent cells also release proteases like matrix
metalloproteinases (MMPs) which contributes to remodeling
of tissue [54]. Further, cells which undergo senescence
enhance expression of fibronectin [55]. Different biological
processes are maintained by fibronectin, that is, adhesion
of cell, growth, migration, survival, and differentiation.
Moreover, other than proteins, senescent cells can secrete
molecules that can maintain tissue microenvironment. Col-
lectively, all of the SASPs which are released by senescent cells
have the ability tomodifymicroenvironment by changing the
receptors of cell-surface signal transduction. SASP can cause
reinforcement of senescence in damaged cells. It has been
suggested that IR-induced damage and premature senescence
can be developed by the rise in secretory inflammatory sig-
nals [56].Thus, IR-DNAdamage activates secretory program.
The activation of secretory program determines the radiore-
sistance tumor response by affecting the microenvironment
and interaction with other cells of tumor.

9. Overcoming Resistance Schemes to
Ionizing Radiation

Radiation-induced programmed cell death is one of themajor
forms of death in tumors which are derived from lymphoid,
hematopoietic, and germ cells. Still, epithelial solid tumors
show wide resistance to apoptosis induced by ionizing radia-
tion. Radioresistance is a serious concern, inducing failure of
radiotherapy and consequent tumor relapse. Thus, new ther-
apeutic radiosensitizers are desperately required to overcome
tumor radioresistance and to improve radiotherapy outcome.
Inhibitors which have the ability to target particular con-
stituent of radioresistance pathways are developed for clinical
purpose. Further, to compensate synthetic inhibitors limita-
tions, natural radiosensitizers have been formulated. Various
strategies have been proposed in the treatment of cancer to
overcome resistance to ionizing radiation (Figure 2).
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Figure 2: Schemes in treatment of cancer to overcome radiore-
sistance. This includes fractionation modification, treatment in
combination, inflammation modification, and overcoming hypoxic
tumor.

10. Fractionation Modification

Radiation fractionated therapy for treatment of cancer has
many advantages over single radiation administration as it
raises the effect of anticancer therapy and decreases the
chances of side effects occurrence in normal tissues. Formally,
a total of 2.0Gy per day, 10Gy per week, with almost 60Gy of
radiation, is given for six weeks. Unluckily, this scheme can-
not control locally elevated cancers sufficiently and because of
efficacy limitation and side effects occurrence is not accept-
able to patients. Hypofractionation, a novel strategy, has
been advised to compensate fractionated radiation therapy
limitations. At the beginning, clinical trials are to evaluate
the administration per fraction of larger doses in fewer frac-
tions of radiotherapy. Thus, next, hypofractionated radiation
therapy will be largely in use compared with conventional
strategy, as hypofractionation gives potent results; radiation
beams are more focused to tumors. Hypofractionated radia-
tion therapy has higher single dose of fraction but comparing
with conventional radiation therapy total dose given is lower.
The treatment of hypofractionation radiotherapy is expected
to be beneficial in future use. Still researches are being made
to investigate more ways of external beam radiation therapy
which involves hyperfractionation and also hypofractiona-
tion. Hypofractionation treatment has shorter duration as
compared with conventional treatment. Hypofractionated
radiotherapy is very advantageous, especially for tumors
growing rapidly.

11. Treatment in Combination

To defeat tumor radioresistance, researchers are much
focused to develop tumor-specific radiosensitizers. For clin-
ical practice, combined anticancer therapy is found to be
more effective. For treating solid tumors, chemotherapy and
radiotherapy in combination have more good results rather
than treating with single therapy. The basic principle of
this is that single agents of chemotherapy or radiotherapy
have lower activity while combined agents show synergistic,
anticancer effects.

12. Synthetic Targets

So, to target clinically developed DNA DSB repair pathways,
many radiosensitizing agents have been formulated. Since
the entire HR much correlate with radioresistance, searching
ways to inhibit HR repair pathway might be beneficial in
cancer cells. For inhibition of HR, many radiosensitizers
have been discovered, for example, nucleoside and base
analogs like gimeracil, gemcitabine, pentoxifylline, TAS-106,
and caffeine [57]. Cox-2 inhibition, the most fundamental
enzyme of inflammatory response, uses pharmacological
inhibitors like celecoxib, SC-236, and coxibs, to act as
radiosensitizers [58]. The HDAC inhibitor PCI-24781, the
HSP90 inhibitor 17-allylamino-17-demethoxygeldanamycin,
the tyrosine kinase inhibitors imatinib and erlotinib, and the
proteasome inhibitor MG132 all target HR repair pathway
to radiosensitize cancer cells [57]. Radiotherapy shows novel
role as therapeutic partner of cancer immunotherapy. Ioniz-
ing radiation plays its role as immune adjuvant, leading to sys-
temic antitumor immunity. IR activates various immunolog-
ical proteins and transcription factors that regulate immune
mediators expression that might elevate development of can-
cer. Therefore, targeting ionizing radiation-induced inflam-
matory signaling pathways improves radiotherapy by increas-
ing radiosensitivity. During the treatment, radiotherapy and
cisplatin in combination may redistribute calreticulin (a
cisplatin-binding protein) by complementing the intrinsic
inability of cisplatin drug and thus affect the cell death. The
combined treatment of radiotherapy and poly(ADP-ribose),
which is the polymerase inhibitor veliparib, through the
elevation of tumor immunogenicity maintains its effect [59].
Many studies have proved that radiation therapy and immune
stimulation in combination stimulate antitumor immunity,
increasing cell death.

13. Natural Radiosensitizers

The synthetic inhibitors show limited improvement in treat-
ment and also have more side effects. For these limitations,
more and new radiosensitizers are needed to be developed.
Radiosensitizers found naturally in foods are believed to
be safer than synthetic compounds. Furthermore, natural
products because of antioxidant and immune-enhancing
effects have improved effects as biological and radiation
protectors for normal cells. Few natural radiation sensitizers
are curcumin, genistein, and quercetin. Their effect and
action as radioprotector in cancer treatment are shown in
Figures 3(a), 3(b), and 3(c).

14. Inflammation Modification

Recently, to enhance efficacy of radiation therapy, oncologists
are paying attention to tumor stroma. Reducing tumor-
associated macrophages increases IR antitumor effects; for
example, VEGF-neutralizing antibodies in macrophages
through IR-induced VEGF downregulation increase antitu-
mor response to ionizing radiation [60]. Immune strategy
along with local radiation maintains synergistic antitumor
activity. As radiation therapy raises in situ vaccination, few
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Figure 3: (a) Curcumin is a type of polyphenol. It has many anticancer activities. The source of curcumin is turmeric. It targets NF-𝜅B
as radiosensitizers. Curcumin has radioprotective effect and targets Nrf

2
. (b) Genistein, a natural radiosensitizer, is a type of polyphenol.

Genistein is a derivative of soybean. It has the ability to inhibit the growth of cancer cell through apoptosis. It can elevate the efficacy of
radiation therapy by combiningwith ionizing radiation.Genistein suppressesAkt andErk, reduces survivin and cyclin B expression in cervical
cancer, and inhibits NF-𝜅B. It acts as radioprotector but the target is not yet determined. (c) Quercetin is the main flavonoid component. It
can behave as antioxidant, anti-inflammatory, and antiviral. Quercetin causes apoptosis and arrests the cell cycle. Quercetin by inhibiting
ATM elevates radiosensitization. It has radioprotective effect against radiation therapy.

tries have tested radiation therapy and cancer vaccines in
combination [61].

15. Overcoming Hypoxic Tumor

Tumor hypoxia is believed to be the major problem for
radiotherapy as tumor cells of hypoxia are likely to survive
ionizing radiation. Various strategies have been introduced
against tumor hypoxia. Methods commonly used against
tumor hypoxia-related resistance are radiation fractionation,
high linear energy transfer (LET), and bioreductive drugs
implementation.

16. Conclusions

Cancer is the leading cause of death in the world among
different diseases. Radiation therapy is beneficial for those
patients in whom surgery cannot be done by shrinking
or damaging tumor. Tumor exposure to ionizing radiation
activates changes, frombiochemical changes to various forms
of death. The number of doses and fractionation of ionizing
radiation determine the level of cellular damage. Anticancer
activitymaintained by IR is throughDNA lesions, like double
strand breaks (DSBs), single strand breaks (SSBs), and DNA
and base modifications. As radiation is effective for some

tumors, other types of tumors are resistant to conventional
radiotherapy like glioblastoma multiforme and pancreatic
carcinoma, which creates difficulty in targeting. Radiosen-
sitizers are urgently needed to elevate the radiotherapy
effects and defeat tumor radioresistance. During treatment,
chemotherapy and radiation therapy in combination were
found to be successful for various types of tumors. Radiosen-
sitization also targeted DNA damage response. Various trials
madewith drugs to destroy cancer cells have been found to be
effective after radiation but radiosensitizers drugs have shown
disappointing results. It has been concluded that novel ways
and strategies are still needed to overcome radioresistance in
cancer treatment.
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