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Patients with metastatic prostate cancer (PC) represent a heterogeneous group with survival rates varying
between 13 and 75 months. The current standard treatment in this setting is hormonal therapy, with or
without docetaxel-based chemotherapy. In the era of individualized medicine, however, maximizing
treatment options, especially in long-term surviving patients with limited disease burden, is of capital
importance. Emerging data, mainly from retrospective surgical series, show survival benefits in men
diagnosed with metastatic PC following definitive therapy for the prostate. Whether the irradiation of
primary tumor in a metastatic disease might improve the therapeutic ratio in association with systemic
treatments remains investigational. In this scenario, modern radiation therapy (RT) can play a significant
role owing to its intrinsic capability to act as a more general immune response modifier, as well as
to the potentially better toxicity profile compared to surgery. Preclinical data, clinical experience, and
challenges in local treatment in de novo metastatic PC are reviewed and discussed.

© 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction strated better overall survival (OS) rates in patients treated with

radical nephrectomy and interferon-alpha compared to patients

Local control of the primary tumor in the presence of metastatic
disease has been associated with improved outcome in several
malignancies (Flanigan et al., 2001; Mickisch et al., 2001; Temple
et al., 2004). Metastatic renal cell carcinoma could be considered a
paradigm in this field: indeed, two phase III trials clearly demon-
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receiving systemic treatment alone (Flanigan et al., 2001; Mickisch
etal., 2001).

In prostate cancer (PC), evidence from three large prospective
randomized phase III trials suggest that, in patients with locally
advanced tumors at high risk of occult micrometastatic disease,
adding radiotherapy (RT) to androgen deprivation therapy (ADT)
significantly improves 10-year outcome (D’Angelillo et al., 2015;
Mottetetal.,2012; Wardeetal.,2011; Widmarketal.,2009). Reduc-
tion in the cancer-specific and overall mortality rates (Warde et al.,
2011; Widmark et al., 2009), as well as improvements in loco-
regional control and distant metastases-free progression (Mottet
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Nomenclature

ADT Androgen deprivation therapy

APCs Antigen-presenting cells

BT Brachytherapy

Cl Confidence interval

CSM Cancer-specific mortality

CSS Cancer-specific survival

CTCs Circulating tumor cells

CTLA-4 Cytotoxic T-lymphocyte associated antigen 4

DCs Dendritic cells
DSS Disease-specific survival

EBRT External beam radiotherapy

GM-CSF Ggranulocyte-macrophage colony-stimulating fac-
tor

HR Hazard ratio

IGRT Image-guided radiotherapy

LH-RH Luteinizing hormone -relasing hormone

LT Local treatment of the primary tumor

MCRPC Metastatic castration resistant prostate cancer
NLT Non-local treatment of the primary tumor
NSR No surgery or radiation therapy

(ON) Overall survival

PAP Prostatic acid phosphatase

PC Prostate cancer

PD-1 Programmed cell death protein-1

PES Progression-free survival

PSA Prostate specific antigen
QoL Quality of life

RP Radical prostatectomy

RT Radiotherapy

SEER Surveillance epidemiology and end results
SIB Simultaneous integrated boost

TILs Tumor-infiltrating lymphocytes

et al., 2012), were observed in the combined modality, starting to
emerge early, 3 years after randomization.

On the other hand, in multi-metastatic PC patients (T1-4, NO-
1, M1) the role of local control of the primary remains unclear,
with ADT using LHRH analogues/antagonists, with or without doc-
etaxel, representing the treatment of choice as recommended by
current guidelines (Heidenreich et al., 2014). Although the scien-
tific evidence supporting ADT in metastatic PC patients remains
weak, in the case of proven metastatic disease, ADT is considered
the up-front standard treatment (Heidenreich et al., 2014). ADT is
not curative, but might frequently provide rapid relief of symptoms
and a good rate of “temporary” biochemical control.

While the role of local RT as palliative treatment for bleeding or
obstruction is well described, the benefit of associating RT to ADT as
first-line treatment to improve the therapeutic ratio in metastatic
PC patients remains investigational. Such an approach seems to be
supported by compelling evidences indicating that patients with
a limited number of PC metastases, thus entering the so-called
oligometastatic state — an intermediate state of tumor spread with
limited metastatic capacity (Weichselbaum and Hellman, 2011)
— have a better prognosis compared with those with extensive
metastatic disease (Schweizer et al., 2013; Ost et al., 2014).

The aim of the present critical review is to report and dis-
cuss available data on the role of prostate irradiation in de novo
hormone-naive metastatic PC patients. Due to the paucity and het-
erogeneity of data published in the recent literature, our review was
not conducted according to a properly performed systematic pro-
tocol, but rather represents an overview of the body of knowledge
on this topic.

2. Preclinical data

The challenging issue of local irradiation in metastatic PC is
whether the natural history of disease progression might be posi-
tively influenced, once metastases have developed, by reclaiming
the organ of tumor origin.

An answer comes from the experimental demonstration of a
process called ‘tumor self-seeding’ (Kim et al., 2009), during which
circulating tumor cells (CTCs) — usually seeding distant organs
— have the potential to reinfiltrate an established tumor at the
primary site. Under these circumstances, tumor growth and pro-
gression may be favored if the primary tumor remains locally
untreated despite the metastatic disease. Conversely, thisreseeding
phenomenon could not occur when malignant cells encounter an
unfavorable growth environment, such as when the primary tumor
is controlled (removed or irradiated).

What really might contribute to a change in the role of RT in the
metastatic setting is based on some radiation-induced immunolog-
ical responses, a phenomenon called “abscopal effect”, consisting
in the regression of distant disease after a localized treatment of
the primary tumor (Demaria et al., 2004). Abscopal effects are
most often attributed to the activation of the antitumor immunity,
which, unlike site-specific RT, can have broader systemic effects.

Traditionally, RT has been considered a local treatment only.
The abscopal effect is proof of the systemic effects of RT (Formenti
and Demaria, 2009), and it is triggered by a T cell-mediated and
antigen-specific (Demaria et al., 2004, 2005) immune reactions as a
consequence of the processing, by macrophages and dendritic cells
(DCs), of antigens released during tumor necrosis caused by RT, elic-
iting tumor-specific CD8+ T cells. The local inflammation induced
by RT activates several complex local immunological reactions
contributing to better antigen cross-presentation and immune acti-
vation, finally leading to CD8+ cytolytic T cell responses (Friedman,
2002; Reits et al., 2006). In other words, danger signals associated
with the effects of ionizing radiation could convert the irradiated
tumor into an immunogenic hub becoming, in some patients, a very
efficient individualized in situ vaccine (Demaria et al., 2004). Once
this “vaccination” has taken place, the host’s immune response con-
tributes both to the local response to RT and to a systemic rejection
of metastases (Formenti and Demaria, 2009).

Intriguingly, a prerequisite for eliciting an antitumor immune
response is that tumor-ablative RT doses are delivered by stereo-
tactic body radiation therapy (SBRT), likely because only when
RT is applied in this form immunomodulatory effects triggered
by inflammation and apoptosis recruit DCs to the irradiated site
(Seung et al., 2012; Rubner et al.,, 2012). A hint of the potential
ability of SBRT in evoking the abscopal effect can be found in the
favorable results of some series (Ponti et al., 2015; Jereczek-Fossa
etal.,, 2012; Schick et al., 2013) — also confirmed in recent reviews
— reporting data on this strategy in the treatment of nodal PC
metastases (Ost et al., 2015; De Bari et al., 2014): it may be argued
that, despite the very likely presence of micrometastatic disease
around the macroscopically involved nodes, higher doses per frac-
tion delivered to the target lesion might result curative on the
nearest microscopic disease by the activation of the abscopal effect.

An indirect confirmation of these immune-modulated
responses is the role gradually being acquired by modern
immunotherapy in defeating the established tolerance toward
the cancer and restoring an effective tumor-specific immune
response (Quinn et al., 2015; Santoni et al.,, 2014). At the fore-
front of this strategy has been the development of Ipilimumab
(Hodi et al.,, 2010), a monoclonal antibody which blocks the
cytotoxic T-lymphocyte associated antigen 4 (CTLA-4), a check-
point receptor that inhibits T cell activation. Associated with
palliative radiation, this drug has been shown to increase OS in
patients with advanced melanoma (Grimaldi et al., 2014; Postow
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et al., 2012), thus decreasing PSA concentrations and therefore
ameliorating progression-free survival in patients with metastatic
castration-resistant PC progressing after docetaxel (Kwon et al.,
2014).

A possible hypothesis for such clinical benefits could be that the
abscopal effect is less likely to happen after RT alone, which may
be insufficient to induce a general systemic and robust antitumor
effect. Further evidence in support is provided by the well-known
combined modality association in the treatment of PC where the
radiation-induced immune response, in conjunction with hormone
therapy, can be amplified sufficiently to elicit an abscopal effect, as
reflected by the PSA response (Fujimoto et al., 2011).

Androgen-withdrawal hormone therapy is known to shut down
gene expression and change the cellular and membrane envi-
ronment (Utsunomiya and Nakanishi, 1986), which may affect
tolerance, enabling cancer cell recognition by the immune system.
The combination seems to be even more beneficial when RT can
evoke an acute anticancer immune response coupled with “endoge-
nous” vaccine produced by necrotic tumor cell death. This latter
mechanism belongs to Sipuleucel-T (Kantoff et al., 2010), a vac-
cine prepared from autologous antigen-presenting cells (APCs) that
are incubated with a recombinant protein composed of PAP linked
to granulocyte-macrophage colony-stimulating factor (GM-CSF),
which, in some Phase 3 studies, has demonstrated an improvement
in the OS of asymptomatic or minimally symptomatic metastatic
castration-resistant PC patients (Small et al., 2006), thus represent-
ing a new treatment paradigm in castration-resistant PC.

RT-induced anti-tumor immunity however could be restrained
by immunoregulatory mechanisms, and preclinical evidences have
demonstrated that PD-1 restrains the immune-mediated abscopal
effect induced by local radiotherapy in animal models (Park et al.,
2015). Indeed, PD-1 blockade or deficiency can synergize with RT
to induce tumor-specific CD8+ T-cell immunity and result in a clin-
ical response in the secondary tumors outside of the radiation field.
These findings raise a significant clinical interest because they sug-
gest that the combination of anti-PD-1 blockade and local RT can
lead to the systemic control of tumors that are refractory to treat-
ment with PD-1 blockade alone.

In summary, some important pre-clinical and clinical evidences
are emerging to support the concept that local RT and immunother-
apy can successfully synergize and produce a therapeutically
effective antitumor immune response, even in metastatic can-
cer. Whether local therapies may directly impact the progression
of existing metastatic disease by regulating the balance between
tumor-promoting factors and immunosuppressive cytokines or by
decreasing CTCs, rather than by abscopal effect, remains an unan-
swered question, but it is clear that targeted RT of the primary
tumor may act as a systemic disease modifier, thus playing a crucial
role in the management of PC at any stage.

Noteworthy, the use of unconventional radiation schedules in
one or a few fractions (SBRT), associated with unprecedented bio-
logical mechanisms, has the potential to break some old paradigms
in radiation oncology, like the fractionation of the dose, and opens
the way for the adoption of this emerging option in the clinical
management of tumors always considered radioresistant, such as
renal cell carcinoma (De Meerleer et al., 2014).

3. Clinical data

Mechanisms underlying the benefit of definitive treatments of
the primary in metastatic PC patients are not fully understood.
Improvement in the local control and reduction in the need of pal-
liative treatment, removal of a tumor with persistent capability to
produce future metastases as well as improved response to ADT
might constitute the rationale for definitive treatment of the pri-

mary tumor (Ost et al., 2014). As observed by Tzelepi et al. (2011),
a persistent network of molecular pathways reportedly linked to
disease progression is activated after 1 year of ADT and 3 cycles of
docetaxel in men with locally advanced or lymph node-metastatic
PC treated by systemic therapy followed by radical prostatectomy
(RP). This may suggest that the development or progression of sys-
temic disease may be indirectly controlled or, at least influenced, by
the eradication of persistent intraprostatic foci with local therapies.

Arguments in favor of a potential role of definitive local treat-
ment in patients with metastatic PC seem to be supported by a
recentretrospective study by Culp etal.(2014), who identified 8185
men with metastatic PC over a 7 year period (2004-2010) from
the surveillance epidemiology and end results (SEER) database,
comparatively evaluating those who underwent definitive treat-
ment of the primary tumor (RP or brachytherapy [BT]) compared
with the rest, who did not receive local treatment. A comparative
analysis was performed between patients undergoing RP (n=245)
or BT (n=129) and those not receiving surgery or radiation (NSR,
n=7811). They found that men with metastatic disease who under-
went RP or BT had a significantly better disease-specific survival
(DSS) and OS when compared to the NSR group (5-years DSS: 75.8%
vs. 61.3% vs. 48.7%, respectively, p<0.001; 5-years OS: 67.4% vs.
52.6% vs. 22.5%, respectively, p<0.001). There was no significant
intergroup difference in the death rates of patients dying from
non-PC causes, thereby indicating that there was a true beneficial
effect in local intervention, and that the observed advantage can-
not completely be attributed to selection bias. Although, survival
benefits were maintained even in patients with PSA >20 ng/ml or
those above 70 years of age, the authors identified certain factors
associated with an improved response to local treatment, such as
age <70 years, clinical stage <T3, Gleason score < 7, PSA <20 ng/ml
and an absence of pelvic lymphadenopathies.

A latest study (Fossati et al., 2015) including 8197 men diag-
nosed with metastatic PC confirmed this hypothesis, and observed
a survival benefit in those managed with local treatment of the pri-
mary tumor (LT; either RP plus pelvic lymph node dissection or
RT) compared to those who received non-local treatment of the
primary tumor (NLT), defined as observation or ADT. Unlike the
previous study, the authors also identified optimal candidates for
LT of the primary tumor as men with a cancer-specific mortality
(CSM) risk <40% (according to the formula available at: http://www.
urotecnologie.it/it/research). Namely, they found that LT in patients
with predicted CSM risk <30% was associated with a roughly 20%
increase in survival after 3 years, which is significantly higher than
the survival benefit offered by any of the novel drugs recently
approved to treat castration-resistant metastatic PC (Kantoff et al.,
2010; de et al., 2011).

Additional evidence concerning the role of cytoreductive RT in
multi-metastatic PC comes from a retrospective study published
by Zagars et al. (Zagars et al., 2001) on 255 PC patients with
lymphadenectomy-proven pelvic nodal metastases treated with
early ADT alone (n=183) or with combined ADT and radiation
(n=72), indicating that the addition of prostatic RT to ADT signif-
icantly improved outcomes in terms of 10-years biochemical-free
survival (19% in the ADT group vs 80% in ADT +RT group), distant
metastasis free-survival (56% in ADT group vs 85% in the ADT + RT
group) and OS (46% in ADT group vs 67% in ADT+RT group) over
ADT alone. The superior results of the combined treatment were
statistically significant in the univariate and multivariate analyses.

Similar survival benefit was reported by a systematic review
(Verhagen et al., 2010) of randomized studies, including patients
with proven systemic disease (node-positive patients after RP).
Data herein presented showed an only limited benefit for OS (haz-
ard ratio [HR]: 0.90; 95% confidence interval [CI], 0.83-0.97) and
cancer-specific survival (CSS) (HR: 0.79; 95% CI, 0.71-0.89) when
immediate ADT is compared to deferred ADT without local treat-
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ment, but a clinically important survival benefit (HR for OS: 0.69;
95% Cl, 0.61-0.79) when ADT was used as adjuvant treatment to
RT in patients with high-risk localized or locally advanced disease,
thereby confirming a better outcome whenever a local treatment
is applied to the primary tumor. Likewise, another study (Lin et al.,
2015) addressed the important oncologic issue of whether local
therapy along with systemic therapy improves survival over sys-
temic therapy alone in the setting of clinically lymph node-positive
(cN+) PC. The authors evaluated the comparative effectiveness of
ADT alone and ADT+RT in the management of men with nodal
involvement in absence of distant metastatic disease, using data
from the National Cancer Data Base on 3540 patients: after adjust-
ment for multiple confounding factors, the addition of RT to ADT
was associated with a 50% decreased risk of five-year all-cause mor-
tality (HR=0.50, 95% CI=0.37-0.67, two-sided P<0.001; crude OS
rate: 71.5% vs 53.2%), thus suggesting that, if properly validated
by randomized trials, a substantial proportion of patients at high
risk for PC death may be undertreated, warranting a reevaluation
of current practice guidelines.

The positive impact of a local therapy (RP & RT) in patients with
locally advanced disease and metastatic lymph node involvement
was confirmed in two recent retrospective studies (Briganti et al.,
2011; Abdollah et al.,, 2014), performed at the same institution.
The last published one (Abdollah et al., 2014) reported on 1107
patients with pN1 PC treated with RP and anatomically extended
pelvic lymph node dissection between 1988 and 2010, followed or
not by adjuvant pelvic irradiation. Overall, adding RT to RP resulted
significantly associated with more favorable outcome (HR for CSS:
0.37; P<0.001). The authors determined that this beneficial impact
was highly influenced by tumor characteristics and concluded that
patients presenting alow-volume nodal disease (<2 positive nodes)
in the presence of intermediate- to high-grade pT3-4 disease or
with positive margins (HR: 0.30; P=.002), and those with 3-4 pos-
itive nodes (HR: 0.21; P=.02) derived substantial benefits from the
combined strategy.

In a recent analysis of patients from the Munich cancer registry,
Engel et al. (2010) demonstrated a survival advantage for patients
who underwent RP in spite of the intraoperative detection of pos-
itive lymph nodes compared to those in whom the procedure had
been abandoned. In this study, recruiting 938 lymph node positive
patients, those who proceeded with RP (n=688) had a significantly
better 5- and 10-year OS (84% and 64%) compared to those in whom
RP was aborted (60% and 28%). The estimated 5- and 10-years DSS
was also better in the former group (95% and 85%) as compared
to the latter (70% and 40%). Despite some biases in the population
enrolled in this study, in the multivariate model, RP was a strong
independent predictor of survival (hazard ratio: 2.04 [95% confi-
denceinterval, 1.59-2.63; p <0.0001]). Data of retrospective studies
providing analysis of survival of patients with locally advanced or
metastatic PC according to the treatment received are summarized
in Table 1. Although many of these studies included a substantial
proportion of many N+, but MO patients, who are likely to have
a better prognosis and might act as a separate entity, all of them
consistently showed a long lasting survival benefit in favor of those
who received a local treatment to the primary tumor.

Metastatic PC patients, however, constitute a heterogeneous
group of patients with survival rates varying between 13 and
75 months, as a function of the type of metastases (bone versus
visceral), bone metastases location (appendicular versus axial), per-
formance status, Gleason score and prostate-specific antigen (PSA)
levels (Hussain et al., 2006). In this scenario, the optimal treatment
can best be done when the burden of metastatic disease is mini-
mal because of having small and few lesions, which portends by
itself a better prognosis. In addition, the prognosis of metastatic
disease may vary according to the distribution of disease, as the
presence of visceral metastases alone or with concomitant bone

involvement confers a worse survival compared to bone metastases
alone (Gandaglia et al., 2015).

Arecent study (Halabi et al., 2014) combined individual patient
data from 3993 chemotherapy-naive metastatic castration resis-
tant prostate cancer (MCRPC) patients randomized to receive
docetaxel (D) based therapy on 5 phase III trials: CALGB 90,401
(D +/— Bevacizumab): SWOG 0421(D +/— atrasentan), ENTHUSE 33
(D +/— zibotentan), TAX327 (D 3 wks, D weekly) and SWOG 9916
(D +estramustine). The authors found that liver metastases had the
worst OS (12.1 m), while patients with lung metastases had better
0S (16.5 months) compared to those with liver metastases, but still
significantly worse compared to patients with non-visceral bone
metastases (20 months).

Unexpectedely, metastatic site even within the same organ,
such in the case of the skeleton, may play an important role in pre-
dicting the ultimate prognosis. Yamashita et al. (1993) found that
the presence of bone metastasis outside the pelvis and lumbar spine
was predictive of a short survival. Conversely, another study (Singh
et al., 2004) showed different patterns of survival since patients
with disease confined to the pelvis had diffuse involvement of the
pelvic bones compared to those with less diffuse disease confined
to the lumbar spine, thus confirming that the extent of disease,
rather than the site of recurrence, is the most powerful prognostic
indicator of the outcome in metastatic disease.

Ultimately, patients with pelvic lymph nodes involvement alone
may experience a better prognosis compared with their counter-
parts with skeletal and visceral metastases. As a matter of fact, Nini
et al. (2015) tested the association between the site of recurrence
and cancer-specific mortality (CSM) in 1003 patients with node-
positive PC patients treated with RP and extended pelvic lymph
node dissection, and found that not all patients with pN +PC who
develop clinical recurrence (CR) harbor distant metastatic disease,
since roughly 60% of them were free from CSM at 5-yr follow-up.

Taken together these arguments underline as in the era of indi-
vidualized maximizing treatment options in patients with primary
metastatic PC is of capital importance, especially in long-term sur-
vivors with limited disease burden that can still be rendered free
of disease through the use of aggressive therapies, such as surgery
and radiation therapy.

4. Treatment options

Despite the inherent biases due to their retrospective nature
of many of the studies acknowledged in the previous paragraph,
which lay the groundwork for a role of definitive treatment of the
primary tumor in the context of metastatic PC, a confirmation in a
prospective fashion is warranted. The choice of local therapy, either
RP or RT, in this setting remains challenging.

Potential benefits of RP consist in the removal of the malignant
prostate, thus avoiding the complications of local tumor growth,
including hematuria, urinary tract infections, outflow obstruc-
tion, hydro-ureteronephrosis and their consequent morbidity, as
demonstrated in some series of castration-resistant PC (Steinberg
et al., 1990; Won et al., 2013). Additionally, the physical removal
of the prostate allows to obtain detailed histopathology as well as
the discharge of the seeding tumor/organ, which on turn, might
be reseeded by distant metastases, thus breaking the vicious cir-
cle off (Kim et al., 2009). Nevertheless, the surgical removal of a
fibrotic prostate previously treated with ADT may be associated
with a high risk of serious complications, and few surgeons are
willing to perform the operation. Moreover, surgical removal of an
untreated prostate in the setting of metastatic disease does not usu-
ally allow radical resection with clean margins, since the majority of
patients present with locally advanced tumors. As a consequence,
the combination of RP and adjuvant RT could then be considered an
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Table 1

Summary of retrospective studies providing analysis of survival of patients with locally advanced or metastatic prostate cancer according to the treatment received.

Study Patients  Local treatment (RP or RT)  No local treatment ~ Median follow up (months)  Outcome remarks

Culp (Culp et al., 2014) 8185 129 (BT) 245 (RP) 7811 16 5y-0S: 52.6%-67.4% vs 22.5%
Fossati (Fossati et al., 2015) 8197 628 7569 36 20% 3y-0S benefit in favor of LT*
Zagars (Zagars et al., 2001) 255 72 183 112.8 10y-0S: 67% vs 46%

Verhagen® (Verhagen et al., 2010) 7751 4980 2771 - 31% OS benefit in favor of LT
Lin¢ (Lin et al., 2015) 3540 318 (RT) 318 60.2 5y-0S: 71.5% vs 53.2%

Engel (Engel et al., 2010) 938 688 250 67.2 10y-0S: 64% vs 28%

(RP=radical prostatectomy; RT=radiation therapy; BT =brachytherapy, ADT=androgen deprivation therapy; LT=1local treatment; cN+=clinically lymph node-positive;

CSM = cancer-specific mortality; OS = overall survival).
2 Only in a subset of patients with CSM <30%.
b Only data from randomized trials in N1 and/or M1 patients have been included.
¢ Only patients with cN+ disease.

option to achieve maximal local control in this situation. However,
whether the additional morbidity associated with the use of com-
bined treatment improves overall outcome is less certain, given the
highly selected nature of patients who underwent this multimodal
therapy, as demonstrated in the aforementioned studies (Briganti
et al, 2011; Abdollah et al., 2014).

On the other hand, modern RT allows the delivery of high
doses of radiation with steep gradients that decrease the treat-
ment related toxicity (Alongi et al., 2009; Bauman et al., 2012; De
Bari et al.,, 2014; Zelefsky et al., 2000; Staffurth, 2010). In addi-
tion, image-guided on-board imaging systems within RT (IGRT)
platforms permit consideration of setup errors and organ motion,
resulting in more precise radiation delivery (Zelefsky et al., 2012).
A further capability of intensity-modulated RT techniques is to
deliver various doses to different volumes in the same number
of fractions through the simultaneous integrated boost (SIB) tech-
nique, which requires shorter treatment time compared to the
sequential boost. Radiobiologically, such an acceleration of the
overall treatment time could impact on the repopulation of can-
cer cells leading to theoretical advantages in local control (Withers
and Thames, 1988). Furthermore, the SIB approach could be useful
to irradiate concomitantly prostate and distant disease, especially
when metastatic foci are found in the pelvic region (Engels et al.,
2009; Kiljunen et al., 2014). Moreover, the delivery of extreme
hypofractionated RT schedules may potentially further improve the
therapeutic ratio in these patients, simultaneously reducing wait-
ing lists, health costs and improving overall patient compliance.

From a biological perspective, the rationale for the advocacy of
RT in the control of the primary tumor in a metastatic disease is
that, once irradiated, the prostate is largely atrophied and poorly
vascularized, and it might not be hospitable for tumor growth.
Additionally, as previously discussed, RT potentially allows the
induction of some immunological reactions which are not possible
after surgery. Therefore, modern RT techniques have the potential
to play an important role in this setting, significantly lessening the
care burden and further improving the compliance and QoL of such
patients.

5. Ongoing trials

Despite the promising results of retrospective and cohort stud-
ies published so far, the real benefit of definitive local treatment in
de novo metastatic PC remains unknown at this writing. Hopefully,
many open questions concerning the potential role of local RT in
the management of these patients will be probably answered in the
coming years by three phase III trials.

Results obtained through a phase Il ongoing multidisciplinary
clinical trial intended to assess the role of systemic therapy versus
systemic therapy plus definitive treatment of the primary (RT or
RP based on a multidisciplinary evaluation by the treating team or
according to patient preference) in men with metastatic PC (avail-

able at: www.clinicaltrials.gov, trial number: NCT01751438), will
probably provide answers to several questions now open as to the
best treatment option for these patients.

The HORRAD randomized phase III trial (Netherlands trial
Register NTR271) is a Dutch study opened on 2004 allocating
approximately 500 patients with primary metastatic (bone) PC
to receive hormonal treatment alone versus hormonal treatment
plus local RT (70 Gy to the prostate). The primary endpoint is OS,
with secondary endpoints biochemical progression and QoL (24
months). End of the study is incoming and while preliminary data
are awaited, doubtful expectations are legitimated from the use of
suboptimal RT doses.

More recently, the STAMPEDE (Systemic Therapy in Advanc-
ing or Metastatic Prostate Cancer: Evaluation of Drug Efficacy)
trial (ClinicalTrials.gov, NCT00268476), an ongoing multi-stage and
multi-arm randomized study, opened a new study arm exploring
the benefit of local RT directed on the prostate tumor when com-
bined with ADT over ADT alone in men with newly diagnosed M1
disease. Two RT dose-fractionation schedules are allowed, namely
36 Gy in 6 fractions of 6 Gy, administered weekly over 6 consecu-
tive weeks or 55 Gy in 20 fractions of 2.75 Gy, administered daily,
five days per week, over 4 consecutive weeks.

Finally, although recruiting has not yet begun, the Prostate Can-
cer Consortium in Europe (PEACE I) phase III trial is testing the
addition of abiraterone and RT directed at the primary cancer in
patients with de novo metastatic hormone-naive PC treated with
ADT. Primary endpoints are OS and progression-free survival (PFS)
with events defined as the onset of castration-resistant PC or death.

6. Conclusions

The potential and beneficial impact of local treatment of the pri-
mary tumor in men with de novo metastatic PC is supported by a
strong rationale, but requires further validation in future studies. In
this emerging scenario, modern RT can play a significant role owing
to its intrinsic capability to act as a more general immune response
modifier, as well as to the potentially better toxicity profile com-
pared to the surgery. Accurate selection of the optimal candidates
is mandatory in maximizing the benefits from local treatments,
through exposure to potential toxicities only those patients who
would benefit most from them. Results from ongoing prospective
trials are eagerly awaited to establish the role of local approaches
in metastatic PC patients over the next few years.
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