
Introduction

Despite external beam radiation therapy (EBRT) de-
livery technological advances – from intensity modula-
ted therapy to tomotherapy and image-guided robot 6D
radiotherapy, allowing high energy radiation delivery
meanwhile minimising side-effects – the prostate can-
cer (PCa) biochemical/clinical relapse percentage remains
nowadays high (post-EBRT PCa recurrence at 20-40 %)
(1-3).

As personalized medicine-related pharmacogenomic
approaches are today the individual gene aberration mo-
lecularly targeting radiosensitizer measures to either pre-
vent or overcome the prostate cancer radioresistance oc-
currence (1-7).

Current research focus and forecast 
of advances in tumor radiosensitization

Unfortunately, it seems that a certain reluctance to
meet with such novel knowledges might at times occur
probably on the basis of a poor grounding in oncoge-

netics and molecular biology. So far, the field of radio-
resistance conditions is often restricted to tumor mi-
croenvironmental hypoxia as low levels of reactive oxy-
gen species (ROS) notoriously driving the cancer cells,
by the development of the antiapoptotic hypoxia-in-
ducible factor 1 (HIF 1), to radiation refractoriness on-
set. However, such radiobiological feature is so common
of solid tumors – as it carefully detectable today by real-
time mapping pO2 tissue fluctuations with resort to elec-
tron paramagnetic resonance and, in case of intraope-
rative radiotherapy, to phosphorescent ruthenium-ni-
troimidazole optical imaging – that it shouldn’t be de-
fined as a genomic individual condition involving real-
ly customized radiosensitizer approaches (8, 9).

It’s intriguing, instead, that pre-radiotherapy indi-
vidual genomic profile findings may lead to identify can-
cer cell growth/apoptosis pathway individual gene aber-
rations that can cause the radioresistance, so this con-
dition should wisely imply the resort to customized mo-
lecularly targeted radiosensitizer agents (10). Besides the
outlined conditions (Table 1), it has to be taken into con-
sideration some PCa cell radioresistance biomarkers,
among which particularly EMT (epithelial-mesenchy-
mal transition with down-expression of E-cadherin
compared with mesenchyme-peculiar expression of vi-
mentin) and CD44-variant 6 marker, whose small in-
terfering RNA (siRNA)-mediated knock-down can
suppress, by deactivation of PI3K-Akt/mTOR and
Wnt/βcatenin signaling pathways, the PCa cells growth,
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TABLE 1 - PROSTATE CANCER RADIOSENSITIZERS TOWARDS INDIVIDUAL RADIORESISTANCE CONDITIONS.
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so increasing their radio- and chemosensitivity (11, 12).
The discovery of PCa stem cell (PCSC)-peculiar ra-

dioresistance genes, among which the PCSC 1 and PCSC
2 RAN (Ras associated nuclear protein) ones, involved
in DNA synthesis and cell cycle promotion, allow a
further explanation of post-radiotherapy PCa recurrence,
that’s why they may be an important target in the field
of radiosensitization measures (13).

It is emerging from a recent study (14) that the ch-
ronic stress/obesity-dependent norepinephrine or epi-
nephrine-triggered enhancement of sympathetic sy-
gnaling, mainly involving prostate luminal cell β2 adre-
nergic receptors, may support, together with PCa cell neu-
roendocrine transdifferentiation, the Bcl 2-mediated an-
tiapoptotic effects and the radioresistance onset. It fol-
lows that the use of β2 adrenergic receptor antagonists
– among which ICI 118,551 hydrochloride, C17H27NO2
HCL – could play a customized role to overcome the PCa
radioresistance, though ionizing radiation, as well as the
androgen deprivation, may facilitate the PCa cell neu-
roendocrine transdifferentiation. As it’s well-known, in-
deed, the ionizing radiation can increase both intranu-
clear phospho-CREB (cyclic AMP-response element bin-
ding protein) and cytoplasmatic ATF 2 (activating
transcription factor 2), factors that may induce the NE-
transdifferentiation by which PCa cells become radia-
tion therapy resistant (14-16).

What’s more, some blockers of cytoskeletal signaling
pathway – such as the perifosine inhibitor Akt (also
known PKB, protein kinase B) as well as microtubule
stabilizer paclitaxel or epothilone B – can accelerate the
development of cancer cell apoptosis, so it facilitating the

prostate cancer cell radiosensitization (10). 
On the basis of deepened radiobiological features –

high linear energy transfer, radiobiological effectiveness,
tumor dose delivery targeting with tumor/healthy tissue
damage highly positive ratio – both hadron (proton/neu-
tron) beam- and carbon ion radiation-therapy seem to
successfully overcome some radioresistance classical
conditions (PCSC-related risk, crucial α/β cancer cell
radiation sensitivity ratio, etc) meanwhile better sparing
pelvic organs in comparison with EBRT. Nevertheless,
such hadron radiobiological features prove to be inef-
fective, in some ways, to overcome individual gene aber-
ration-due prostate cancer radioresistance.

Conclusion

As a final remark, it is advisable to widen the research
range of PCa radioresistance conditions beyond the hy-
poxia-dependent one, as they often implying quite in-
dividual gene aberrations towards which suitably tailo-
red radiosensitizer approaches should be carried out.

Among further developments of customized radio-
sensitizers, just those molecularly targeting the identi-
fied PCa cell radioresistance-linked individual gene aber-
rations will enhance the PCa radiation therapy lasting
effectiveness (1-7, 10-19).
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