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In the era of personalized medicine, there is significant 
emphasis on the development of companion diagnostics and/
or molecular signatures to guide therapeutic decisions (1). 
For example, two recurrence risk signatures (Oncotype Dx® 
and  Mammapr int )  a re  commonly  used  to  gu ide 
chemotherapy in women with node-negative breast cancer 
(2-5). An evolution of Oncotype® (that is a centralized 
method of determination of the gene signature in breast 
cancer) is EndoPredict. The latter is a not centralized 
method of genotyping of the breast cancer that associates a 
signature of genes to the clinical staging of the patients and 
that was recently demonstrated to give higher performance 
if compared with the other well established genotyping 
system Oncotype. In fact, the test can predict whether 
breast cancer will spread in women with estrogen receptor 
positive, HER2 negative (ER+/HER2–) disease (6). Women 
with ER+/HER2– breast cancer are given endocrine therapy 
after surgery to treat their cancer. They receive also 
chemotherapy if there is a reasonable risk of the cancer 
spreading to other organs (referred to as secondary or 
metastatic breast cancer). This is because if the cancer 
spreads to certain organs, it may not be possible to treat it 
and the cancer can become incurable. EndoPredict analyses 
the activity of eight different genes within a tumor sample, 
and uses this information alongside the patient’s tumor size 
and nodal status to give an ‘EPclin’ score estimating their 
risk of developing advanced breast cancer. The EPclin score 
is then used to categorize patients into low or high risk 
groups, with a cut-off point of 10% risk over 10 years. 
When Oncotype DX was used to identify the third of 

lymph node-negative patients with the lowest risk of 
secondary disease, 7% went on to develop secondary breast 
cancer after 10 years. Of the third of patients identified as 
having the lowest risk according to the EPclin score, only 
one of 227 (0.5%) patients developed secondary disease. By 
identifying a large group of patients with a very good 
prognosis, EPclin could offer to clinicians and particularly 
to patients a reliable reassurance that chemotherapy can be 
avoided. In the field of the prediction of response to anti-
tumor agents, K-ras and N-Ras mutations has been shown 
to be predictive of panitumimab and cetuximab nonbenefit 
in colorectal cancer (7,8). Furthermore, epidermal growth 
factor receptor (EGFR) mutations have been shown to 
predict benefit from tyrosine kinase inhibitors (TKI) and 
more recently, ALK gene rearrangement has shown to be 
predictive for crizotinib benefit in non-small cell lung 
cancer (NSCLC) (9-11). Moreover, fibroblast growth factor 
receptor (FGFR) mutations and/or amplification are 
emerging as new predictor markers of response to agents 
raised against FGFR in a variety of tumors, e.g., adeno- and 
squamous cell carcinoma of the lung, glioblastoma 
multiforme and bladder cancer. FGFR3 mutations are 
reported in up to 50% of cancers of all stages from the 
lower and upper urinary tract with p.S249C being the most 
common mutation, found in 61% of cases. Mutation is 
inversely correlated with tumor stage and grade, and 
mutated tumors are associated with a favourable clinical 
outcome. The mutation analysis potentially allows a further 
stratification of patients, and should be additional evaluated 
in larger cohorts of invasive tumors. Bearing in mind that 
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recurrence-free survival is an indicator for disease severity 
and risk of progression, FGFR3 mutations in squamous 
differentiated bladder tumors may indicate potential for 
FGFR inhibitor treatment in these tumors (12). On the 
other hand, clinical decision making in radiation oncology 
is still mainly based only on clinicopathologic features. 
Therefore, there is a great need to develop molecular 
diagnostics to more efficiently use radiotherapy (RT). 
Effective predictive biomarkers are a central requirement 
for the development of personalized treatment in clinical 
oncology. Unlike prognostic biomarkers, which predict 
clinical outcome independently from treatment, predictive 
biomarkers are treatment specific and thus are critical for 
therapeutic decision making (13). For example, several 
targeted drugs are now routinely offered to patients whose 
tumors harbour a specific marker for benefit or nonbenefit 
[i.e., HER-2/neu expression and trastuzumab benefit (14), 
K-ras mutation, and panitumumab  nonbenefit] (7). In 
contrast, radiation therapy is still recommended on the basis 
of standard clinicopathologic features, which generally 
address tumor burden/aggressiveness and serve as 
prognostic biomarkers of outcome rather than a specific 
marker for RT therapeutic benefit. It is estimated that 
approximately a third of patients with localized or locally 
advanced prostate cancer undergo external beam RT with 
curative intent (15). The use of RT in combination with 
androgen-deprivation prolongs survival (16), and has 
contributed to the increase in 5-year survival rate from 30% 
in the 1970s to 80% in 2009 (17). Late toxicity following 
irradiation for prostate cancer includes damage to the 
bladder, bowel and erectile function. The median rates of 
late gastrointestinal (GI) and genitourinary (GU) toxicity 
are reported to be 15% and 17%, respectively (18). Studies 
are attempting to identify the genetic variants that increase 
an individual’s risk of radiation toxicity (19,20). Moreover, a 
low number of studies have made efforts to identify 
biological  features of prostate cancer t issues and 
immunologic circulating biomarkers able to identify 
patients responsive to RT. In this light, Nardone et al. (21) 
have recently found that tumor infiltration by different 
lymphocyte subsets predicts the outcome of patients with 
prostate cancer showing only local relapse after primary 
surgery and subsequently receiving RT. They establish a 
premise for a possible immunological therapy associated 
with RT for selected patients. In fact, the chemotherapy/
RT could induce DNA double-strand breaks that, in turn, 
produce mutations and neo-antigens generation, promote 
immunological danger signals and reduce tumor infiltrating 

immunosuppressive cell populations, such as inhibitory 
myeloid cells. All these events are necessary to trigger 
antigen-specific CTLs. The critical role of the tumor 
immunologic microenvironment in conditioning both 
tumor development and survival offers the rationale to 
design new immunotherapeutic strategies for patients with 
prostate cancer associated to radiation treatment. On the 
light of the genetic scores of prostate cancer, in a matched 
retrospective analysis reported in The Lancet Oncology, Zhao 
et al. (22) identified and validated a 24-gene predictor of 
response to postoperative RT in prostate cancer. In the 
training cohort (n=196 from one study) and pooled 
validation cohort (n=330 from four remaining studies), 
patients who had post-operative RT were matched with 
patients who did not receive RT based upon clinical and 
pathological parameters including Gleason score, PSA level, 
surgical margin status, extracapsular extension, seminal 
vesicle invasion, lymph node invasion, and androgen-
deprivation therapy. In the training cohort, a 24-gene Post-
Operative Radiation Therapy Outcomes Score (PORTOS) 
was used to predict response to post-operative RT. The 24-gene 
set included 6 genes related only to DNA-damage response, 
4 genes related to both DNA-damage and radiation 
response, and several genes involved in immune response 
(including IL1B, IL7R, PTPN22, and HCLS1). The primary 
endpoint was development of distant metastasis. They used 
high-throughput gene expression and clinical data to 
develop and validate 24-gene expression signature that 
predicts response to post-prostatectomy RT (PORTOS) in 
matched training and validation cohorts of patients with 
prostate cancer. They show that, in patients receiving RT, 
patients with high levels of 24-gene expression had a lower 
incidence of distant metastasis than in patients with low 
scores. In the same study, the new signature score PORTOS 
was compared to the predictive value of the already 
standardized methods of prediction Decipher, CAPRA-S, 
and microarray version of the cell cycle progression (CCP) 
signature. Decipher is a genomic test, which evaluates the 
activity of genes in the tumor that are shown to be involved 
in the development and progression of prostate cancer. In 
details, Decipher measures the expression levels of 22 RNA 
biomarkers involved in multiple biological pathways across 
the genome that is associated with aggressive prostate 
cancer. CAPRA-S is a straightforward instrument for 
facilitating disease risk classification. A CAPRA score is 
valid across multiple treatment approaches and predicts an 
individual’s likelihood of metastasis, cancer-specific 
mortality, and overall mortality. The score is calculated 
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using points assigned to: age at diagnosis, PSA at diagnosis, 
Gleason score of the biopsy, clinical stage and percent of 
biopsy cores involved with cancer (again clinical and 
pathological features of the tumor). Genes whose expression 
is regulated as a function of CCP were originally identified 
as having RNA expression levels that oscillated as cells 
progressed through various stages of the cell cycle. Since 
the expression levels of CCP genes probably reflect 
fundamental aspects of tumor biology, 31 CCP genes were 
selected and tested for their ability to predict disease 
outcome using a predefined score based on their expression 
levels. Using the median score as the cutoff point, the 
interactions between the Decipher, mCCP, and CAPRA-S 
prognostic models with RT were not significant (interaction 
between RT and score, Decipher P interaction =0.99, 
mCCP P interaction =0.34, CAPRA-S P interaction =0.34). 
In details, patients with high Decipher, mCCP, or 
CAPRA-S scores do worse than do those with a low score 
regardless of treatment, and patients treated with RT have 
improved outcomes regardless of risk score. In conclusion 
in this interesting report, in comparison to PORTOS, the 
widely used genomic and clinical risk tools Decipher, 
mCCP, and CAPRA-S did not predict response to post-
operative RT. However, a combination of Decipher and 
PORTOS could allow for selection of patients who need 
post-operative RT (using PORTOS), and help decide 
whether to irradiate in the adjuvant or salvage setting (using 
Decipher). These evaluations were not conducted in routine 
clinical settings. No evidence was identified to address the 
question of clinical utility. Future research should focus on 
evaluating clinical validity more extensively and robustly in 
the general clinical populations, and on comparing 
PORTOS panel directly with the existing standard care and 
diagnostic standards. In addition, emphasis should be given 
to the finding of new circulating genetic biomarkers that 
can be easily assessed through not invasive procedures in 
prostate cancer patients. In these lights, circulating micro-
RNAs and circulating tumor DNA (ctDNA) were recently 
investigated. The following circulating miRNAs were found 
to be associated to the development and progression of 
prostate cancer. miR-21 expression increases together with 
clinical parameters (such as Gleason score or lymph node 
metastases) and is correlated with castration resistance and 
metastatic disease. MiR-21 and miR-18 are also useful as 
biomarkers in prediction of progression of prostate cancer. 
Another oncogenic miRNA overexpressed in prostate 
cancer and positively correlated with poor overall and PSA 
recurrence free survival, is miR-4534. It is hypermethylated 

in normal cells and tissues compared to those of prostate 
cancer and exert its oncogenic effects partly by downregulating 
the tumor suppressor PTEN gene. Its overexpression 
induces pro-cancerous characteristics in non-cancer cell line 
whereas its knockdown impair cell proliferation, migration/
invasion and induce G0/G1 cell cycle arrest and apoptosis in 
prostate cancer. MiR-32 is highly expressed in castration 
resistant prostate cancer (CRPC) samples compared to 
benign prostatic hyperplasia samples. The reduction of 
miR-145 expression in prostate cancer was correlated with 
higher Gleason scores, advanced clinical stage, larger tumor 
diameter and higher PSA and follow-up PSA levels. 
miRNAs are important modulators of gene expression. 
They are frequently altered in prostate cancer and as such 
offer the potential to be used as biomarkers or novel 
therapeutic targets. However, none of them are still 
validated for clinical use. Regarding the cell-free ctDNA 
and circulating tumor cells (CTCs) are plasma sources of 
tumor DNA that have been investigated for non-invasive 
detection and monitoring of patient tumors but have not 
been analyzed or directly compared across multiple tumor 
types. ctDNA liquid biopsy allows to understand specifically 
what kind of molecular changes are happening in the tumor 
in real time, which is a very big step beyond where CTCs 
are today in clinical terms. Perhaps the most promising 
applications of CTCs and ctDNA are molecular analyses 
that can inform the rational selection of appropriate 
therapies for patients. In example, in the treatment of a 
patient with prostate cancer, alterations in the androgen 
receptor variant 7 mutation, detected in CTCs, predicts the 
lack of response to abiraterone or enzalutamide and can be 
useful to provide the most immediately actionable 
information regarding the choice between AR-targeted 
therapies or non-AR-targeted therapies such as cytotoxic 
chemotherapy (for a summary of the scores available for the 
prediction of response in prostate cancer see Figure 1) (23). 
The use of this information in real time can guide the 
clinicians in the choice of the best-personalized therapy in 
the case of androgen depletion therapy. It has also to be 
considered that PORTOS diagnostic system can open a new 
scenario of investigations coming back to the bench in order 
to study if any of the evaluated genes can be efficiently 
assessed directly in the blood of the patients and if some 
mutations can be revealed that correlate to the response to 
post-operative RT, for which the information is still limited. 
Another chance given by the authors of the manuscript by 
Zhao et al. is to integrate PORTOS score with other 
circulating miRNAs and/or ctDNA and/or CTCs in order 
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to increase the prognostic accuracy in the same set of 
patients.

In conclusion, the manuscript by Zhao et al. disclosed 
the possibility to study genetic scores of the prostate 
cancer that correlates to the response to post-operative 
RT independently from the conventional clinical and 
pathological features of the disease and strongly encourages 
additional studies on new intratumor or circulating 
biomarkers in this subset of patients.
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Figure 1 Prediction scores in prostate cancer.
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