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Abstract
To evaluate outcome in patients treated with stereotactic body radiotherapy (SBRT) on bone oligometastases from castration-
sensitive prostate cancer after primary treatment. We retrospectively collected data of patients with less than five lesions 
at time of SBRT and hormone-naïve disease at the first extra-regional localization, treated between 03/2012 and 11/2016. 
Prostate-specific antigen (PSA) was measured every 3 months after SBRT. Imaging was performed in case of progression. 
Survival analysis was performed with Kaplan–Meier (log-rank test) approach. Fifty-five patients were treated on 77 bone 
oligometastases. Median age, initial PSA and pre-SBRT PSA were 72 years, 9.12 and 3.5 ng/mL, respectively. Twenty-five 
patients (45%) received SBRT alone while the remaining 30 patients (55%) received concomitant ADT. Median follow-up 
was 24.6 months (range 3.0–67.2 months). No acute or late toxicity of grade > 1 was reported. Clinical progression was 
observed in 38 (69%) patients. 1-year biochemical progression-free survival (b-PFS), clinical progression-free survival 
(c-PFS), prostate-specific survival (PCSS) and local control (LC) rates were 51, 56, 100 and 83%, respectively. Comparing 
patients treated with SBRT alone and with concomitant ADT, no significant differences were found for those outcomes. 
SBRT is safe and allows high 1-year LC rate (83%) with low toxicity profile. No significant improvement in outcomes was 
registered with the addition of ADT to SBRT.

Keywords Prostate cancer · Castration-sensitive prostate cancer · Oligometastases · Bone metastases · Stereotactic body 
radiotherapy · Androgen deprivation therapy

Introduction

Prostate cancer (PCa) is the second most common cancer 
among men globally, with an estimated 1.1 million new 
cases and over 300,000 deaths annually [1]. In the last dec-
ade, the debate principally involves the management of the 
oligometastatic disease, defined as an intermediate state of 
tumor spread with limited metastatic capacity [2, 3]. This 
concept has changed the clinical practice allowing for a local 
treatment, such as surgery or radiation therapy, rather than 
a systemic approach, given the limited number and site of 
metastatic lesions.

PCa is a radiosensitive disease, and stereotactic body 
radiation therapy (SBRT) is emerging as a promising treat-
ment option with low toxicity for the management of the 
oligometastatic patient both at diagnosis and at recurrence 
(local consolidative therapy and metastasis-directed ther-
apy) [4]. SBRT, similar to surgery, is a spatially targeted 
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therapy with the advantage over other local therapies to add 
margins for subclinical disease extent. However, despite the 
advances in technology, the use of SBRT remains limited 
and androgen deprivation therapy (ADT) is still the most 
used therapeutic modality even in the oligometastatic set-
ting. Other emerging approaches to metastatic PCa include 
chemotherapy and new agents, but their role in oligometa-
static disease is not yet clear [5–7].

In metastatic PCa setting, delaying the castration resist-
ance is a key point for the long-term management of these 
patients since this condition is widely recognized as a sig-
nal of forthcoming disease progression. In the low-volume 
metastatic scenario, metastasis-directed therapy is a valid 
option for the procrastination of ADT beginning and con-
sequently of castration resistance [8]. For these reasons, 
some authors introduced the concept of ADT-free survival 
(ADT-FS), intended as the time to the delayed start of sys-
temic therapy, which is now emerging as a way to spare the 
negative side effects of this treatment, such as the increased 
occurrence of cardiovascular events and metabolic syndrome 
that significantly affect the quality of life [9].

Currently, limited studies focus on metastasis-directed 
intervention and the vast majority includes lymph node oli-
gometastases. The knowledge is mainly based on retrospec-
tive and non-randomized studies, thus suffering from hetero-
geneous population (oligo/polymetastatic disease, different 
sites of metastatic disease like lymph nodes, bone, visceral 
lesions and biases in patient selection) and inappropriate 
sample power. A large consensus on oligorecurrent PCa 
management has not been obtained so far.

In this study, we reviewed 55 oligometastatic PCa patients 
for a total of 77 bone metastases treated with SBRT, with or 
without concomitant ADT, analyzing biochemical progres-
sion-free survival (b-PFS), clinical progression-free survival 
(c-PFS), PCa-specific survival (PCSS), local control (LC) 
and the ADT-FS.

Patients and methods

The study was a part of general SBRT and image-guided 
radiation therapy (IGRT) research notified to the Ethical 
Committee of the European Institute of Oncology, Milan, 
Italy (notifications No. 79/10, 86/11, 87/11, 93/11).

Patient selection

The inclusion criteria for this retrospective study were as 
follows:

1. Histologic diagnosis of PCa on primary tumor biopsy;
2. Documented radiological stage M1b;

3. Number of bone metastases less or equal to 5 (based on 
the current definition of oligometastatic disease);

4. Hormone-naïve disease at the first extra-regional locali-
zation;

5. No previous radiation therapy on the same lesion;
6. SBRT delivered on all detected lesions;
7. Written informed consent for SBRT;
8. Written informed consent for the use of the anonymized 

data for research or educational purpose; and
9. Specific approval by the multidisciplinary uro-oncology 

board.

Any kind of previous therapy on the primary tumor was 
permitted (radical prostatectomy or radiation therapy with 
or without ADT). The diagnosis of a clinically evident bone 
recurrent PCa was based on an evidence of biochemical 
progression and imaging studies. Biochemical recurrence 
after the primary therapy was verified according to Phoenix 
criteria, based on a prostate-specific antigen (PSA) value 
corresponding to PSA nadir + 2 ng/mL for patients treated 
with radiation therapy with or without ADT and according 
to the ASTRO criteria [10], based on three consecutive rises 
of PSA level above the nadir; for patients treated with radical 
prostatectomy, PSA value ≥ 0.2 ng/mL was considered sug-
gestive for biochemical progression as established in EAU 
guidelines [11, 12].

At biochemical progression, patients were staged accord-
ing to the EAU guidelines [11, 12], with 11C-choline posi-
tron emission tomography with co-registered computer 
tomography (11C-choline-PET/CT), magnetic resonance 
(MR), total body CT or 68Ga-prostate-specific membrane 
antigen ligand PET/CT (68Ga-PSMA-PET/CT).

Treatment protocol

The SBRT dose prescription depended on the volume 
and localization of the recurrence. In case of unfavorable 
localization, lower dose/fraction or lower total dose was 
administered.

Spinal lesions were principally treated with  CyberKnife® 
system (Accuray, Inc., Sunnyvale, CA), while for non-spi-
nal metastases VERO system (Mitsubishi Heavy Industries, 
Ltd., Japan and BrainLab AG, Feldkirchen, Germany) was 
preferred.

For CyberKnife SBRT, treatment was planned with 
 MultiPlan® treatment planning system (v.5.2 Accuray, USA) 
and delivered with photon energy 6 MV, using Xsight spine-
tracking mode with no implanted fiducials. All patients were 
immobilized during CT simulation and treatment, using a 
customized external vacuum-type cast. Dose was prescribed 
to the mean 75% isodose using a non-isocentric and non-
coplanar CyberKnife treatment technique.
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For VERO System SBRT, iPlanRT (v. 4.5.3 BrainLab, 
Germany) was employed. All patients were immobilized 
during CT simulation and treatment using Combifix™ 
device (CIVCO Medical solutions, lowa, USA). Seven 
infrared markers were put on the chest wall during CT 
simulation and treatment in order to correct the setup 
errors and the shifts during the treatment. Coplanar and 
non-coplanar dynamic conformal arcs were employed for 
treatment planning. During beam delivery, the  ExacTrac® 
system (BrainLAB, Feldkirchen, Germany) monitored the 
position of the target using the infrared markers. Cone-
beam CT or orthogonal kilovoltage X-rays were evaluated 
before dose delivery.

The definitions of the organs at risk (OARs) depended on 
the localization of the bone recurrence. For cervical spine 
lesions, spinal cord was considered OAR, for thoracic spine 
lesions spinal cord, lungs and esophagus, for lumbar spine 
lesions spinal cord or cauda equina and small bowel. For 
hip bones, pelvic organs were considered OARs, namely 
urinary bladder, rectum and small bowel. The dose volume 
constraints proposed by Timmerman were applied [13].

Follow‑up procedure

After SBRT, a PSA-level dosage and clinical assessment of 
toxicities were recorded at 3 months. Then, PSA test was 
performed every 3 months and clinical examination every 
6 months.

LC was measured from the beginning of SBRT and the 
diagnosis of in-field relapse, intended as a morphologic or 
metabolic increase in the planning target volume. b-PFS was 
measured as the time from the beginning of SBRT to the 
PSA increase after SBRT, according to the criteria defined 
in Jereczek-Fossa et al. [14]. In case of progression, rou-
tine radiological or 11C-choline-PET/CT re-evaluation was 
requested to evaluate in- or out-field relapse. c-PFS was 
measured as the time between the beginning of SBRT and 
the clinical progression, defined as the radiological detec-
tion of local progression or distant disease. ADT-FS was 
defined as the time between SBRT and the start of palliative 
ADT. At progression metastasis, directed treatment and/or 
ADT was proposed according to clinical presentation, cur-
rent guidelines and evidences. PCSS was defined as the time 
from the beginning of SBRT to the time of mortality from 
PCa.

Although a systematic evaluation of pain response with 
a validated pain scale was not performed, patient subjec-
tive perception of pain changing after SBRT was collected 
retrospectively. Treatment toxicity was evaluated according 
to the Common Terminology Criteria for Adverse Event, 
version 3 (CTCAE.v3) [15].

Follow-up data were reported until January 31, 2018.

Statistical analysis

Patient and tumor characteristics were represented as fre-
quencies and percentages when classified with categorical 
variables and with median values and range for continuous 
variables [16]. The correlation between patient- and treat-
ment-related characteristics and clinical outcome was inves-
tigated with Cox regression analysis. Survival analysis was 
performed with Kaplan–Meier approach [17], and differ-
ences between groups were evaluated with log-rank test. A 
p value < 0.05 was considered significant.

Results

We selected 55 oligorecurrent PCa patients for a total of 77 
bone metastases, treated at the European Institute of Oncol-
ogy (Milan, Italy) between May 2012 and November 2016. 
Forty-five patients were staged with 11C-choline-PET/CT, 
eight patients with MR, one patient with total body CT and 
one with 68Ga-PSMA-PET/CT.

Twenty-five patients (45%) received SBRT alone while 
the remaining 30 patients (55%) received concomitant SBRT 
and ADT. Thirty-four out of 77 (44%) were spinal lesions. 
Patient and tumor characteristics are listed in Table 1. Treat-
ment-related characteristics are shown in Table 2.

With a median follow-up of 24.6 months (range 3–67.2), 
in-field progression was observed in ten out of 77 (13%) irra-
diated bone metastases corresponding to 7 out 55 patients. 
1- and 2-year LC rates were 83 and 76%, respectively. Forty-
four (80%) patients experienced biochemical recurrence. 
1- and 2-year b-PFS rates were 51 and 13%, respectively. 
Clinical progression was always preceded by biochemical 
recurrence and was recorded in 38 (69%) patients. 1- and 
2-year c-PFS rates were 55 and 27%, respectively. At last 
follow-up, six patients died for PCa. 1- and 2-year PCSS 
rates were 100 and 96%, respectively (Fig. 1).

No significant differences between patients treated with 
SBRT alone or in combination with ADT were found for 
b-PFS (p = 0.57), c-PFS (p = 0.93), PCSS (p = 0.09) and LC 
(p = 0.25), as shown in the Kaplan–Meier curves (Fig. 2).

The analysis of correlation of the T stage, number of 
lesions, type of treatment on primary tumor, equivalent dose 
in 2 Gy per fraction  (EQD2) calculated with α/β = 3 [18, 19] 
and the use of ADT with the local recurrence showed no 
statistically significant correlations.

Of the 13 patients complaining pain at the time of SBRT, 
no patient experienced pain progression at the first examina-
tion after SBRT and seven patients (54%) of them reported 
a complete pain regression.

One patient showed acute toxicity, with an absolute rate 
of acute grade 1 gastrointestinal toxicity of 1.8%, without 
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any 2 and 3 grade toxicity. No late gastrointestinal, genitou-
rinary and other organ toxicity was observed.

Discussion

Our study, including data of 55 patients treated with SBRT 
for 77 bone oligometastases from castration naïve PCa, 
showed high LC and excellent toxicity profile. At 1 year 
after SBRT, one out of two patients was free of progression.

Oligorecurrent PCa has become more frequently diag-
nosed as a result of the improvement in cancer imaging due 
to both better MR sequencing and to novel nuclear tracer. 
Recent works confirmed the efficacy and tolerability of 
metastasis-directed therapy [14, 20]. No consensus exists 
about the optimal treatment schedule. Otherwise, our SBRT 
doses are in line with a study by Muldermans et al. [21] that 

tried to investigate the better dose with the lower toxicity 
to use in the treatment of oligometastatic PCa, identifying 
a ≥ 18 Gy total dose as the probably good compromise.

Actually, no consensus exists for response criteria in bone 
metastases. Therefore, in-field progression was defined as an 
increased uptake of radiopharmaceutical tracer in six out of 
seven patients (nine out of ten in-field progressive lesions). 
For the only patient revaluated with CT scan, the images 
reviewed by the multidisciplinary tumor board confirmed 
the disease progression and finally the patient underwent 
a second irradiation. Similar clinical results were obtained 
in a recent study by Habl et al. [19] that reported a median 
b-PFS of 6.9 months and a LC after 2 years of 100% in 
patients treated with SBRT for oligometastases from PCa. 
Furthermore, in patients with up to three metastases treated 
with SBRT, Decaestecker et al. [22] showed that 18 out 
of 50 patients remained free of disease, while 32 patients 

Table 1  Patient and tumor characteristics

SBRT stereotactic body radiotherapy, PSA prostate serum antigen, ADT androgen deprivation therapy, RRP radical retropubic prostatectomy, RT 
radiation therapy, KPS Karnofsky Performance Status, TAB total androgen blockade, LH-RHa luteinizing hormone-releasing hormone analogs
a Initial PSA available in 53 patients
b Initial gleason score available in 54 patients

Characteristics Median (range)

Age at SBRT (years) 72 (45–85)
Initial PSA (ng/mL)a 9.45 (1.99–385)
Initial gleason  scoreb 8 (6–10)
Pre-SBRT PSA [ng/mL] 3.35 (0.43–33)
ADT duration (months) 13 (6–109)
Interval between diagnosis of prostate cancer and SBRT (months) 45.8 (6–183)

Number of 
patients (%)

Primary treatment
RRP ± RT ± ADT 39 (70.9%)
RT ± ADT 16 (29.1%)
Initial clinical/pathological T
T1 5 (9.1%)
T2 20 (36.4%)
T3 29 (52.7%)
T4 1 (1.8%)
KPS
80 2 (3.6%)
90 22 (40%)
100 31 (56.4%)
Type of treatment
SBRT alone 25 (45%)
SBRT + ADT 30 (55%)
ADT (N = 30 patients)
TAB 12 (40%)
LH-RHa 14 (47%)
Antiandrogens 4 (13%)
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developed distant metastasis at 2 years. In our analysis, 21 
out of 55 patients developed out-field distant progression, 
arising the question of a downstaging phase in patient selec-
tion before the SBRT treatment. This confirms the assump-
tion that a distinction of polymetastatic from oligometastatic 
disease becomes a crucial step in the management of these 
patients.

Based on the fact that our LC rate at 1 year after SBRT 
was high (83%) we might assume that both biochemical and 
clinical progression can be slowed down, at least tempo-
rarily, by the SBRT treatment. Furthermore, the pattern of 
recurrence appeared to be again oligometastatic in 30% of 
patients, allowing a new treatment with SBRT. Moreover, 
our study investigated the role of the two possible approaches 
in the management of oligometastic patients: local versus 
local and systemic therapy. Here, we hypothesize that SBRT 

alone is a feasible and effective treatment, with low toxicity 
and low detrimental effect on patient quality of life, allowing 
for the deferral of ADT. Oligometastatic patients fulfilling 
the inclusion criteria mentioned above often have a long 
survival time; therefore, a noninvasive low toxicity approach 
could be of a great value for this population. Consequently, 
therapeutic approaches meant to defer ADT-induced mor-
bidity should be considered in well-selected patients with 
low-volume metastatic disease.

When we compared the b-PFS, c-PFS and PCSS in the 
two different groups (SBRT alone vs SBRT and ADT), no 
statistically significant differences were found and the two 
subgroups seem to have similar outcomes. We are aware that 
these findings should be considered extremely carefully, first 
of all for the retrospective nature of the study in addition to 
the exiguous number of our cohort. Our results, however, 

Table 2  Stereotactic body radiation therapy characteristics

SBRT stereotactic body radiotherapy, LINAC linear accelerator, EQD2 equivalent dose in 2 Gy per fraction, Gy gray

Number of metastasis at SBRT Number 
of patients 
(%)

1 37 (67.3%)
2 14 (25.4%)
3 4 (7.3%)

Site of metastases Number of 
treated lesions 
(%)

Spinal 34
 Cervical 3
 Dorsal 11
 Lumbar 16
 Sacral 4

Pelvic bones 33
Thoracic bones 9
Extremities 1

LINAC Number 
of patients 
(%)

CyberKnife 19 (34.5%)
VERO 36 (65.5%)

Treatment schedule Number of lesions EQD2 (Gy)

8 Gy per 3 fractions 27 88
5 Gy per 5 fractions 10 66.67
4 Gy per 5 fractions 6 46.67
5 Gy per 4 fractions 5 53.33
10 Gy per 3 fractions 5 130
6 Gy per 3 fractions 3 54
15 Gy per 1 fraction 3 90
Other fractionation 17 –
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could help clinicians in the decision-making process espe-
cially for those patients with worse performance status or 
higher number of comorbidities that contraindicate systemic 
approaches.

The role of metastasis-directed therapy with SBRT in this 
setting is controversial and subject of active investigation, 
such as in the STOMP study, a randomized phase II trial that 
demonstrates the deferral of palliative ADT in oligometa-
static PCa of 21 months [23, 24].

Although we acknowledge the abovementioned limita-
tions, this study showed also some strength. First of all, a 
homogeneous population has been analyzed: All patients 
were evaluated for progression after primary treatment and 
studied for bone localizations. Furthermore, the promising 
initial results for SBRT are based on the good c-PFS in the 

two subgroups of patients, the feasibility and the very low 
toxicity profile. We are aware that larger population with 
more mature data would lead to a widely accepted consensus 
and finally to definitive guidelines. In the meantime, these 
results could drive clinicians to offer different therapeutic 
choices to adapt on the single patient conditions.

In conclusion, SBRT is effective in the management of 
bone oligometastatic PCa in terms of LC as well as systemic 
control of disease. Potential positive effects can be found in 
the deferral of ADT even if no consensus has been found in 
the optimal combination of SBRT and ADT. Finally, this 
approach should be encouraged not only for the very low 
toxicity profile but also for preventing future skeletal-related 
events.

Fig. 1  a Biochemical progression-free survival (b-PFS), b clinical progression-free survival (c-PFS), c local control (LC) and d prostate cancer-
specific survival (PCSS) of our series (55 patients)
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