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Introduction
Radiation therapy (RT) is one of the highly effective treatments
option for clinically advanced tumor, and plays a prominent role in
cancer therapy and prognosis. It is estimated that 62% of newly
diagnosed cancer patients are treated with radiation therapy [1]. The
efficacious radiation therapy depends upon the homogenous delivery
of total dose which could eliminate tumor cells while protecting
surrounding normal healthy tissues and avoid ancillary toxic effects
[2,3]. Further, the tumor radioresistance and radiation-induced late
toxicity can considerably limit treatment regularity, and cause
hindrance in effective tumor control. In addition, late radiationinduced toxicity negatively impacts the quality of life of radiation
treated patients and long term cancer survivors [4]. There are many
latent side effects of radiation induced toxicity such as late toxicity
response, epithelial tissue degeneration, infection, fibrosis and vascular
lesions [5,6]. It is clinically well established that a significant number of
patients develop radiation-induced toxic effects and currently, there is
dearth of available technology which could precisely predict and
monitor radiation induced side effects. Therefore, one of the major
bottlenecks in radiation oncology is to deliver the effective targeted
dose of radiation which could efficiently kill all the tumor cells, and at
the same time ensure minimum normal tissue damage [4].
Nevertheless, in numerous clinical cases, the survival of cancer cells
after radiotherapy can result in recurrence and disease progression.
The global data have shown that up to 60% of prostate cancer patients
receiving radiation therapy experience recurrence of the disease within
5 years of treatment [7]. Moreover, patients undergoing radiation
therapy may exhibit radiation-induced resistance, fibrosis, and erectile
dysfunction [8].
Few studies have identified biomarkers which have shown patient
response to radiation, and drug treatment [9,10]. The discovery of
promising diagnostic and prognostic biomarkers for radiation
resistance in tumor is presently one of the main challenges of radiation
oncology. Although handful of predictive assays exists, none has
demonstrated highly significant results that are promising in clinical
setting. Hence, proteogenomics represents a promising approach for
discovering new relevant predictive biomarkers. The advancement in
high-dimensional and high-throughput Omics technologies has
provided an opportunity to address the development of sensitive
biomarkers from a clinical perspective [11-15]. Previously, the use of
individual biomarker have also demonstrated the effectiveness of this
approach and the proteo-genomic analysis of some tumors have
identified APEX1 gene involved in the repair of DNA damage, and its
deletion enhanced the radiosensitivity in radioresistant cell lines
[16-18]. Recently, three stage genome-wide study in prostate cancer
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have identified TANC1 locus implicated in radiation induced toxicity
[4]. In addition, many genetic variants have also been found to be
associated with radiation toxicity. In another elegant study the GRP78
and Mn-SOD were upregulated in the radioresistant CNE2-IR
nasopharyngeal carcinoma cell line as compared to sensitive control
cells. [19]. Further, in breast cancer cell lines radiation-induced
cathepsin D and peroxiredoxin-5 has been reported to be upregulated
[20]. Recently, CXCR4 has been identified and validated as biomarker
for radiation resistance in cancer stem cells [21].
In the past decade several research reports have been published on
identification of few individual proteomic biomarkers to predict
radiation resistance [1]. However, it has been observed that the
individual proteomic biomarkers are not precise enough to accurately
predict normal tissue response and at the same time radiotherapy
effectiveness [3,4,22]. Therefore, clinical validity of a multigene
expression model or cascade of proteomic biomarkers expressed in
entire irradiated tumors, exhibiting both normal tissue radiosensitivity,
and effective radiotherapy are extremely important. Recently, in a
novel approach, panel of multi-gene expression has been used to
identify biomarkers for radiation resistance and radiosensitization in
prostate cancer patients [23]. Similar approach has been employed to
identify panel of genes as biomarkers for radiation resistance in breast
and head-and-neck cancers [24,25]. The panel of genomic signatures
have been shown to be prognostic markers in breast, lung, and headand-neck (HNC) cancers [12-14]. Interestingly, some unique genomic
signatures have also been integrated to predict intrinsic radiosensitivity
in some cancer patients. Correspondingly, combination of proteomic
signatures have also been used to reliably predict the tumor radio
resistance and normal tissue radiosensitivity in some cancers, which
could also be deployed to monitor the clinical outcomes [5,6,15].
Interestingly, in recent years individualized medicine have shown
tremendous promise in diagnosis, prevention, and treatment of cancer
[26,27]. The cancer radiation treatment plans based on individual
patient genomic and proteomic profile could reduce morbidity and
potentially improve survival by avoiding treatment failures. Thus,
better insight of the tumor's biological landscape, as measured in the
patient's biopsies will efficiently guide for precise patient-specific
treatment strategies and best clinical outcome. Currently, in most of
the cases RT is recommended without considering the possible
individual genomic variations in tumor and patient radioresponse.
Consequently, individualized treatment decisions based on genomic
and proteomic biomarkers profile would give more precise picture of
cancer stages and minimize treatment failures.
The accurate clinical diagnosis and prognosis of cancer is achievable
when panel of genomic and proteomic signatures and high-throughput
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genomic tools are used in clinical laboratories. The recent TCGA based
study have identified multi-cancer gene expression biomarker based on
ESR1, PRKACA, LRP1, JUN and SMAD2 which are being used to
predict the clinical outcome in 12 types of cancer. The genomic
signature of this biomarker has been corroborated by published
literature and prognostic power in other cancers [28]. Recently, the
comparative genomic molecular signatures have been employed as a
prognostic biomarker gene set that could potentially be used to help
guide clinical trials in Squamous cell carcinoma of the head and neck
cancer [29]. Using the samilar approach panel of genes such as
CDKN2A, RPRM, CDKN1C, TP73, RUNX3, CHFR, MGMT, TIMP3
and HPP1 have shown diminished methylation in Radiation
Treatment response in esophageal cancer patients and [30]. This panel
of biomarkers have the potential to serve as clinical biomarker for
esophageal cancer. Further, in another report the hypermethylation of
SERPINB5, S100A6, CAT and BNCI genes has been been linked to
radioresistance in the tumor of lung cancer patients [31]. The similar
genomic approach is also being used to identify HGF dependent
expression of 20 genes in targeted therapy for glioblastoma patients
[32]. Thus, in clinical care settings genomics and proteomics based
signatures are sensitive and precise which has the potential to predict
accurate clinical outcome.
Proteomics and genomics based cascades of biomarkers has the
promise to successfully guide radiation therapy in individual patients
and predicting treatment outcome. This approach will allow
developing individual therapeutic programs. The biomarker based
approach will minimize the failure of RT and will be more effective to
ensure extended survivability of cancer patents. Thus, proteo-genomic
based study of radiation response in cancer patients may unravel the
mechanism and pathways of radiation resistance, which will help in
developing radiosensitizers for successful radiation therapy.

References
1.
2.

3.
4.

5.
6.
7.
8.
9.

Lacombe J, Azria D, Mange A, Solassol J (2013) Proteomic approaches to
identify biomarkers predictive of radiotherapy outcomes. Expert Rev
Proteomics 10: 33-42.
Cai XW, Shedden K, Ao X, Davis M, Fu XL, et al. (2010) Plasma
proteomic analysis may identify new markers for radiation-induced lung
toxicity in patients with non-small-cell lung cancer. Int J Radiat Oncol
Biol Phys 77: 867-876.
Chua ML, Rothkamm K (2013) Biomarkers of radiation exposure: can
they predict normal tissue radiosensitivity? Clin Oncol (R Coll Radiol)
25: 610-616.
Fachal L, Gómez-Caamaño A, Barnett GC, Peleteiro P, Carballo AM, et
al. (2014) A three-stage genome-wide association study identifies a
susceptibility locus for late radiotherapy toxicity at 2q24.1. Nat Genet 46:
891-894.
Begg AC, Stewart FA, Vens C (2011) Strategies to improve radiotherapy
with targeted drugs. Nat Rev Cancer 11: 239-253.
Ogawa K, Yoshioka Y, Isohashi F, Seo Y, Yoshida K, et al. (2013)
Radiotherapy targeting cancer stem cells: current views and future
perspectives. Anticancer Res 33: 747-754.
Martin NE, D'Amico AV (2014) Progress and controversies: Radiation
therapy for prostate cancer. CA Cancer J Clin 64: 389-407.
Budäus L, Bolla M, Bossi A, Cozzarini C, Crook J, et al. (2012) Functional
outcomes and complications following radiation therapy for prostate
cancer: a critical analysis of the literature. Eur Urol 61: 112-127.
Giles FJ, DeAngelo DJ, Baccarani M, Deininger M, Guilhot F, et al. (2008)
Optimizing outcomes for patients with advanced disease in chronic
myelogenous leukemia. Semin Oncol 35: S1-17.

J Cancer Clin Trials, an open access journal

10.
11.

12.
13.

14.

15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

25.
26.
27.
28.
29.

Moding EJ, Kastan MB, Kirsch DG (2013) Strategies for optimizing the
response of cancer and normal tissues to radiation. Nat Rev Drug Discov
12: 526-542.
Ree AN, Meltzer S, Flatmark K, Dueland S, Kalanxhi E (2014).
Biomarkers of Treatment Toxicity in Combined-Modality Cancer
Therapies with Radiation and Systemic Drugs: Study Design, Multiplex
Methods, Molecular Networks. Int J Mol Sci 15: 22835-22856.
Eschrich S, Zhang H, Zhao H, Boulware D, Lee JH, et al. (2009) Systems
biology modeling of the radiation sensitivity network: a biomarker
discovery platform. Int J Radiat Oncol Biol Phys 75: 497-505.
Weichselbaum RR, Ishwaran H, Yoon T, Nuyten DS, Baker SW, et al.
(2008) An interferon-related gene signature for DNA damage resistance is
a predictive marker for chemotherapy and radiation for breast cancer.
Proc Natl Acad Sci USA 105: 18490-18495.
Torres-Roca JF, Fulp WJ, Caudell JJ, Servant N, Marc A, et al. (2015)
Integration of a Radiosensitivity Molecular Signature into the Assessment
of Local Recurrence Risk in Breast Cance. Int J Radiat Oncol Biol Phys
93: 631-638.
Chang L, Graham P, Hao J, Bucci J, Malouf D, et al. (2015) Proteomics
discovery of radioresistant cancer biomarkers for radiotherapy. Cancer
Lett 369: 289-297.
Ménard C, Johann D, Lowenthal M, Muanza T, Sproull M, et al. (2006)
Discovering clinical biomarkers of ionizing radiation exposure with
serum proteomic analysis. Cancer Res 66: 1844-1850.
Guipaud O, Holler V, Buard V, Tarlet G, Royer N, et al. (2007) Timecourse analysis of mouse serum proteome changes following exposure of
the skin to ionizing radiation. Proteomics 7: 3992-4002.
Skvortsova I, Skvortsov S, Stasyk T, Raju U, Popper BA, et al. (2008)
Intracellular signaling pathways regulating radioresistance of human
prostate carcinoma cells. Proteomics 8: 4521-4533.
Feng XP, Yi H, Li MY, Li XH, Yi B, et al. (2010) Identification of
biomarkers for predicting nasopharyngeal carcinoma response to
radiotherapy by proteomics. Cancer Res 70: 3450-3462.
Kim MH, Jung SY, Ahn J, Hwang SG, Woo HJ, et al. (2015) Quantitative
proteomic analysis of single or fractionated radiation-induced proteins in
human breast cancer MDA-MB-231 cells. Cell Biosci 5: 2.
Trautmann F, Cojoc M, Kurth I, Melin N, Bouchez LC, et al. (2014)
CXCR4 as biomarker for radioresistant cancer stem cells. Int J Radiat Biol
90: 687-699.
Shukla HD, Mahmood J, Vujaskovic Z (2015) Integrated proteo-genomic
approach for early diagnosis and prognosis of cancer. Cancer Lett 369:
28-36.
Young A, Berry R, Holloway AF, Blackburn NB, Dickinson JL, et al.
(2014) RNA-seq profiling of a radiation resistant and radiation sensitive
prostate cancer cell line highlights opposing regulation of DNA repair
and targets for radiosensitization. BMC Cancer 14: 808.
Jacot W, Thezenas S, Senal R, Viglianti C, Laberenne AC, et al. (2013)
BRCA1 promoter hypermethylation, 53BP1 protein expression and
PARP-1 activity as biomarkers of DNA repair deficit in breast cancer.
BMC Cancer 13:523.
Akervall J, Nandalur S, Zhang J, Qian CN, Goldstein N, et al. (2014) A
novel panel of biomarkers predicts radioresistance in patients with
squamous cell carcinoma of the head and neck. Eur J Cancer 50: 570-581.
Yaromina A, Krause M, Baumann M (2012) Individualization of cancer
treatment from radiotherapy perspective. Mol Oncol 6: 211-221.
Perez-Carbonell L, Sinicrope FA, Alberts SR, Oberg AL, Balaguer F, et al.
(2015) MiR-320e is a novel prognostic biomarker in colorectal cancer. Br
J Cancer 113: 83-90.
Martinez-Ledesma E, Verhaak RG, Treviño V (2015) Identification of a
multi-cancer gene expression biomarker for cancer clinical outcomes
using a network-based algorithm. Scientific RepoRts 5: 11966.
Ashman JN, Patmore HS, Condon LT, Cawkwell L, Stafford ND, et al.
(2003) Prognostic value of genomic alterations in head and neck
squamous cell carcinoma detected by comparative genomic
hybridisation. Br J Cancer 89: 864-869.

Volume 1 • Issue 3 • 1000117

Citation:

Shukla HD (2016) Novel Genomics and Proteomics Based Biomarkers to Predict Radiation Response and Normal Radiotoxicity in
Cancer Patients for Personalized Medicine. J Cancer Clin Trials 1: 117.

Page 3 of 3
30.
31.

Hamilton JP, Sato F, Greenwald BD, Suntharalingam M, Krasna MJ, et al.
(2006) Promoter methylation and response to chemotherapy and
radiation in esophageal cancer. Clin Gastroenterol Hepatol 4: 701-708.
Kim EH, Park AK, Dong SM, Ahn JH, Park WY (2010) Global analysis of
CpG methylation reveals epigenetic control of the radiosensitivity in lung
cancer cell lines. Oncogene 29: 4725-4731.

J Cancer Clin Trials, an open access journal

32.

Johnson J, Ascierto ML, Mittal S, Newsome D, Kang L, et al. (2015)
Genomic profiling of a Hepatocyte growth factor-dependent signature for
MET-targeted therapy in glioblastoma. J Transl Med 13: 306.

Volume 1 • Issue 3 • 1000117

