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Abstract

Radiosensitizer are the compound, when combined with the radiation, attain greater tumor
inactivation and has less effect on the normal tissue, respectively. It is basically a drug that
makes tumor cells more sensitive. Radiotherapy is getting great recognition in recent time
and nowadays, achieving rapid advancement. This paper aims to review the advancement
and the compounds those are used for radiosensitizer also known as radio-enhancer. The
evolution of radiosensitizers with probes, like radionuclides and contrast agents which are
used for magnetic resonance imaging and computed tomography, has showed great
progression in image-guided RT. These radiosensitizers are favorable for therapeutic uses
and also for diagnosing and treating tumors. In this review, we highlight recent progress
on radiosensitizers. Chemotherapy combined with radiation is used in the adjuvant therapy
in maximum cancer patients, and trails have also shown better result rather than radiation

alone in the treatment
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Definition

Radiosensitizers are compounds that, when combined with radiation, achieve greater tumor
inactivation than would have been expected from the additive effect of each modality (1).
Radiosensitizers are agents that increases injury to tumor tissue by causing damage to DNA and also

by releasing free radicals.

Types of Chemical Radiosensitizer:
An early pioneer in this field, G. E. Adams, divided radiosensitizers into five categories [2,3]:

e Suppression of intracellular-SH [thiols] or other endogenous radioprotective substances.
¢ Radiation-induced formation of cytotoxic substances from the radiolysis of the sensitizer.
¢ Inhibitors of post-irradiation cellular repair processes.

e Sensitization by structural incorporation of thymine analogues into intracellular DNA.

e Oxygen-mimetic sensitizers, for example the electron affinic drugs
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Another leader in this area, E. J. Hall, while discussing radiosensitizers, emphasized on the importance
of effect between normal tissue and tumor, suggested that in the fifth edition of his standard text [4]

‘only two types of sensitizers have found practical use in clinical radiotherapy:

The halogenated pyrimidines. based on the premise that tumor cells cycle faster and, therefore,

incorporate more drugs than the surrounding normal tissues.

Hypoxic cell sensitizers increase the sensitivity of cells deficient in molecular oxygen. based on the

premise that hypoxic cells occur only in tumors and not in normal tissues.

Mechanism of Action

The linkage amongst tumor hypoxia and prognosis after the radiotherapy, and also with tumor
proliferation, malignant phenotype as well as susceptibility to some chemotherapy regimens, are well
established now [5]. According to studies, nicotinamide, the amide form of vitamin B3, comparatively
was non-toxic, tumor specific radiosensitizer [6,7]. Mechanisms by conventional chemotherapeutic
agents produce radio sensitization is still unknown. The mechanisms of sensitization of some of the
most widely used conventional chemotherapeutic sensitizers, the nucleoside analogs. Goal is to
identify areas of potential joint research between clinicians and laboratory scientists that would permit
to apply these agents more rationally in combination with radiation.[8]

5-fluorouracil(5FU) and Fluorodeoxyuridine: It has been used widely with radiation, and has both
DNA and RNA directed effects. Although the disruption of RNA or DNA synthesis can produce cell
toxicity, some evidence have also suggested that radio sensitization is due to thymidylate synthase
inhibition.[9] the various mechanisms through which 5FU could increase radiation sensitivity at the
cellular level are firstly, is by killing of S phase cells, which are comparatively radioresistant.[10]
Many hypothesis tells that increased radiation sensitivity takes place in cells that have inappropriate
progress through S phase in the presence of drug. Initially it was found that the radio sensitization by
fluorodeoxyuridine (FdUrd) appeared in HT29 human colon cancer cells, which started G1/S cyclins
in drug presence, but not SW620 cells [11] This conclusion is supported by studies and has shown S
phase entry blockage by releasing an arrest in G1. Moreover, SW620 cells show sensitization by FdUrd
when transduced with the viral protein (HPV E6)[12]. Viral protein deactivates the retinoblastoma
protein, releases S-phase transcription factors and cells driving through S-phase. [13,14] Introduction
of oral 5FU forms( prodrug capecitabine ) which is now approved in United States makes treatment

with radiation and the drug way more easier in the clinics. Capecitabine has capability to interact
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differently from protracted venous infusion 5FU based on preclinical studies indicating that radiation
can induce thymidine (inhibitor of phosphorylase in tumor cells) [15]. Various efforts have been
conducted toward development of assays that will anticipate the response to 5FU as chemotherapeutic
agent. High levels of thymidylate synthase shows resistance to treatment [16] as high levels of the 5FU
catabolic enzyme dihydropyrimidine dehydrogenase.[17] It shows that these level also helps predicting

the ability of 5FU to act as radiation sensitizers, although clinical data are lacking at current time.

Gemcitabine: The gemcitabine activity against a variety of tumors incorporated with evidence that it
affected deoxynucleotide triphosphate (ANTP) pools indicated that it might be a radiosensitizer. There
was no confirmation of radio sensitization when the cells were irradiated before gemcitabine exposure,
although the ratio of improvement was observed when cells were incubated for 24 hours before
irradiating. Studies described results by disclosing that maximum sensitization was produced under
conditions in which cells were distributed into S-phase and were depleted of phosphorylated
deoxynucleotides (mainly dATP). These conditions could produce both by continuous exposure to
(10-30 nmol/L) of gemcitabine or 8 to 48 hours after a 2-hour exposure to 100 nmol/L (noncytotoxic)
[18]. Further studies have shown that cells obtained from head and neck cancers, breast cancer and
adrenal cancers are sensitized by gemcitabine.[19-21]. Evidence shows that inhibition of
ribonucleotide reductase is the main step for producing sensitization. Firstly, the time period of dATP
pool depletion matches the time course of radio sensitization [17,19]. Secondly, cells which are widely
varying endogenous dNTP pools and sensitivity to gemcitabine were sensitized uniformly when
similar d ATP pool depletion and S Phase redistribution were made [19].1t has also been suggested
that radio sensitization of log phase cells takes place by selective sensitization of S-phase cells which
are radioresistant[22].The role of DNA repair in gemcitabine-mediated radio sensitization, shown the
role of mismatch repair. Experiment was done by using HCT-116 cells containing a mutation in the
mismatch repair gene MLH1, and HCT-116 cells transduced with chromosome 3, which showed
mismatch repair capabilities. Mismatch repair defective cells were resistant to radio sensitizing effects
as well as cytotoxic cells of gemcitabine compared to mismatch repair cells. Recent studies showed
cells with genetic defects in repair pathways shows that defects in nonhomologous rejoining have zero
effect on radiation sensitivity[23] cells lacking capability to carry out homologous end rejoining
reveals higher sensitivity[24] .S phase is known to be important key cell cycle phase associated with
increased radiation as nonhomologous end rejoining tends to predominate in G1 cells, and homologous

end rejoining might act as the major repairing mechanism for cells in S and G2 phase.
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Applications of Radio sensitizers

Nanoparticles as Radiosensitizers: Recent progress have been made towards nanoparticles to propose
them as novel radio sensitizers. Nanoparticles (NPs) are defined as particles between 1 and 100
nm.[25] They have more cell penetration and less adverse effects than conventional radio
sensitizers.[26] Among nanomaterials which have this radio sensitizing nature, carbon nanotubes,[27]
gold nanoparticles (GNPs)[28] and other metallic nanoparticles[29] can be mentioned.

Application of NPs as radio sensitizers is a promising strategy to increase the efficiency of
radiotherapy. The assessment of preclinical studies helps to shape further trials. Further, it prevents
unnecessary study replication and opens way for successful clinical trials. Thus, we intended to
conduct this review with a focus on study methods and results. This is the first review of the literature

which assessed the application of NPs in radiotherapy as radiosensitizer.

Nitroimidazoles as radiosensitizers: an extension of studies on the clinical use of nitroimidazoles as
radiosensitizers, single-dose pharmacokinetic studies of iv metronidazole (500 mg/100-ml vials) were
performed in eight consenting patients. Single doses of 0.5, 1.0, 1.5, and 2.0 g (0.29-1.21 g/m2) were
administered iv by a zero-order infusion pump. Serial timed blood and urine samples were assayed for
metronidazole and its two metabolites (acetic acid and ethoxy compounds) using a high-pressure liquid
chromatographic assay. Open two-compartment Kinetic characteristics of metronidazole were
computed from simultaneous plasma infusion and urine excretion-rate equations using a nonlinear
least-squares regression analysis program (NONLIN). Means of the four kinetic parameters were (h-
1): k12, 1.18; k21, 0.86; k10, 0.22; and k'e, 0.46 x 10(-4). Means of the apparent volumes of
distribution were (liters/kg): Vc, 0.41; VB, 1.02; and Vss, 0.75. The mean (+/- SD) for alpha-half-life
was 1.2 +/- 1.3 hours, and that for beta-half-life was 9.8 +/- 5.9 hours. Seven of the eight patients
received a second identical dose orally 1 week later, and the absolute bioavailability was estimated to
approximate 100%. Unless the oral route is not feasible and if immediate high peak blood levels are
not necessary, oral metronidazole is the preferred route of administration of metronidazole for its radio

sensitizing effects [30].

Ornidazole as radiosensitizer: is a hypoxic radiosensitizer, and is a derivative of 2-nitroimidazole
intended to reduce neurotoxicity due to its blood brain barrier (BBB) impermeability [31, 32]. Several
studies have shown that ornidazole has a radio sensitizing effect under hypoxia, both in vitro[33—35]
and in vivo[35-37]. Based on these studies, a phase 111 trial of ornidazole against advanced pancreatic

cancer was performed; it was demonstrated that treatment with ornidazole following radiation
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significantly improved the tumor mass reduction rate and extended patient survival [38]. While various
results have suggested that ornidazole has promising potential in hypoxia-targeting
chemoradiotherapy, to date there have not been any reports on the use of this drug for intracranial

glioma.

It is known that the BBB restricts the transport of hydrophilic or high-molecular-weight compounds
into the brain to maintain the brain internal milieu. Therefore, ornidazole, which has a hydrophilic
residue, cannot cross the BBB and cause any toxicity to the intact brain. However, in many advanced
malignant gliomas, disruption of the BBB has been reported [39-41]. These facts led us to consider
the possibility that doranidazole might only reach the tumor regions and not the surrounding healthy

brain.

Fluorouracil as radiosensitizers: 5-Fluorouracil (FUra) and Fluorodeoxyuridine (FdUrd) are
analogues of uracil and deoxyuridine, respectively. Randomized trials have demonstrated local control
and survival advantages with systemic FUra and radiation compared with radiation alone in patients
with rectal cancer, esophageal cancer, and pancreatic cancer. [42] .FUra and FdUrd, through their
metabolites lead to cell cycle redistribution, DNA fragmentation, and cell death. [43] Whereas
clinically achievable concentrations of FdUrd produce only DNA-mediated cytotoxic effects, FUra

can also kill cells by RNA-dependent mechanisms. [44]

Conclusion

Radiation combined with chemotherapy is used in adjuvant therapy in maximum cancer patients, and
trials have also shown better results rather than radiation alone in the treatment. Radiosensitizers are
rising agents that enhance injury to tumor tissue by increasing DNA damage and releasing free radicals.
Some radiosensitizers are already in clinical use and some are in the preclinical phase. The
development of labeled radiosensitizers with probes, have led to great progress in IGRT and are
promising for use as radiosensitizers that can be used as therapeutic agents for diagnosing and tumor
treatment. Conventional chemotherapeutic agents produce mechanisms of radio sensitization is still
unknown and of some of the most widely used conventional chemotherapeutic sensitizers, the
nucleoside analogs. Aim is still to identify areas of potential joint research between clinicians and
laboratory scientists that would permit to apply these agents more rationally in combination with
radiation.[8] In conclusion, there are several new approaches in this field of chemical radiosensitizers

that show promise, but their mechanistic basis is researched poorly. As a result, it is expected that
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ultimately a radio sensitizing drug would be invented that will overcome the flaws so far encountered

in their use in the clinic.
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