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Abstract 

Background:  The aim of this work was to investigate the outcome of metastasis-directed radiotherapy (MDT) in 
prostate cancer patients with bone metastases following current ESTRO/EORTC subclassifications for oligometastatic 
disease.

Methods:  Clinical data of 80 consecutive oligometastatic patients with 115 bone lesions receiving MDT between 
2011 and 2019 were retrospectively evaluated. Hormone-sensitive (77.5%) and castrate-resistant (22.5%) patients were 
included. MDT was delivered with conventional fractionated or stereotactic body radiotherapy (SBRT) techniques. 
Kaplan–Meier method, log rank test, as well as Cox regression were used to calculate local control (LC) and biochemi‑
cal and clinical progression-free survival (bPFS/cPFS).

Results:  At the time of MDT 31% of patients had de-novo synchronous oligometastatic disease, 46% had de-novo 
metachronous oligorecurrence after primary treatment and 23% had either de-novo oligoprogressive disease, repeat 
oligometastatic disease or induced oligometastatic disease. The median BED3 was 93.3 Gy (range 75.8–95.3 Gy). Con‑
comitant ADT was administered in 69% of patients. After a median follow-up of 23 months the median bPFS and cPFS 
were 16.5 and 21.5 months, respectively. The 2-year LC rate was 98.3%. In multivariate analysis, age ≤ 70 (HR = 2.60, 
95% CI 1.20–5.62, p = 0.015) and concomitant ADT (HR = 0.26, 95% CI 0.12–0.58, p = 0.001) significantly correlated 
with cPFS. Category of oligometastatic disease and hormone-sensitivity were predictive for cPFS in univariate analysis. 
Of 45 patients with biochemical relapse, nineteen patients (42.2%) had repeat oligometastatic disease. Fourteen 
patients (31%) underwent a second course of MDT. No patients experienced grade ≥ 3 toxicities.

Conclusions:  MDT is safe and offers high local control rates in bone oligometastases of prostate cancer. At 2 years 
after treatment, more than 2 out of 5 patients are progression-free.

Trial registration Retrospectively registered.
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Background
Prostate cancer is the second most frequently diagnosed 
cancer in men worldwide and a relevant proportion of 
patients develop metastases during their disease course 
[1]. The standard-of-care for metastatic prostate cancer 

is palliative systemic therapy with androgen deprivation 
therapy (ADT) and/or chemotherapy [2]. Due to sensitive 
prostate specific antigen (PSA)-detection and improve-
ments in imaging, metastatic disease is diagnosed more 
often at a time, when there are only a limited number of 
metastases [3]. Hellman and Weichselbaum 1995 intro-
duced the term oligometastatic disease for a distinct can-
cer state between localized and widespread metastatic 
disease [4]. Recently, randomized phase II trials have 
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demonstrated benefits of metastasis-directed therapy 
(MDT) in oligometastatic disease: The SABR-COMET 
study showed improved survival of stereotactic body 
radiotherapy (SBRT) when used in addition to standard-
of-care systemic therapy [5], and two other trials dem-
onstrated improved progression-free survival (PFS) in 
oligometastatic prostate cancer treated with MDT using 
radiotherapy compared to surveillance [6, 7]. However, 
many experts consider it necessary to further differenti-
ate between different states of oligometastatic diseases, 
but there are still inconsistencies in the precise defini-
tion and nomenclature of these various subcategories 
[3, 8] [3, 8]. A recent European Society for Radiotherapy 
and Oncology (ESTRO) and European Organisation for 
Research and Treatment of Cancer (EORTC) consensus 
recommendation suggested a classification of oligometa-
static disease depending on (1) genuine oligometastatic 
disease (patients without a history of polymetastatic dis-
ease) versus induced oligometastatic disease (patients 
with a history of polymetastatic disease), (2) de-novo 
oligometastatic disease (patients without a previous 
diagnosis of oligometastatic disease) versus repeat oligo-
metastatic disease (patients with a previous diagnosis of 
oligometastatic disease), (3) synchronous oligometastatic 
disease (maximum 6 months interval between diagnosis 
of oligometastases and primary cancer diagnosis) ver-
sus metachronous oligometastatic disease (more than 
6  months interval between diagnosis of oligometastases 
and primary cancer diagnosis), (4) development of oligo-
metastatic disease in a treatment-free interval or during 
active systemic therapy and (5) oligopersistence (stable 
disease or partial response on current imaging) versus 
oligoprogression (progressive disease on current imag-
ing) [9].

Prostate cancer patients with bone metastases have a 
worse prognosis than patients with distant lymph node 
metastases [10–12], and data describing the outcome of 
MDT in bone oligometastatic disease are sparse com-
pared to data of MDT for lymph node metastases [13]. 
The aim of this work was to investigate the outcome of 
metastasis directed radiotherapy in prostate cancer 
patients with bone metastases with a focus on different 
categories of oligometastasis.

Methods
Patient selection and classification of oligometastatic 
disease
Consecutive oligometastatic prostate cancer patients 
treated with MDT to bone metastases between Novem-
ber 2011 and December 2019 at the University Hospital 
LMU Munich were retrospectively analyzed. Men with 
histologically confirmed prostate cancer who received 
definitive-intent radiotherapy to five or less bone 

metastases were eligible for this study [13]. Both cas-
tration sensitive and castration resistant patients were 
included, and patients were allowed to have concomitant 
ADT administered during MDT. All cases were discussed 
and approved by the multidisciplinary urooncologic 
tumor board. Individuals without any follow-up data, 
either in form of PSA or repeat imaging, were excluded 
from analysis. Based on the classification proposed by 
ESTRO and EORTC consensus recommendation [9], 
we classified oligometastatic disease as follows: First, a 
distinction was made between genuine oligometastatic 
disease and induced oligometastatic disease. Further, 
between de-novo and repeated disease. Patients with an 
interval less than 6  months between primary prostate 
cancer diagnosis and diagnosis of oligometastatic disease 
were considered to have synchronous oligometastatic 
disease. Metachronous disease was defined as an interval 
more than 6  months. Diagnosis of metachronous oligo-
metastatic disease with the patient under active systemic 
therapy was considered metachronous oligoprogression. 
Bone lesion localization was categorized as follows: skull, 
ribs/clavicles/sternum, spine, pelvis including sacral bone 
and the extremities.

Treatment characteristics
All patients underwent computed tomography (CT)-
based treatment planning in supine position. The diag-
nostic imaging was co-registered for contouring. The 
planning target volume (PTV) comprised the macro-
scopic bony lesion with a margin depending on site and 
expected intrafractional motion. All patients received 
SBRT or conventionally fractionated intensity-modulated 
radiotherapy (IMRT) and image-guided radiotherapy 
(IGRT). The exact dose prescription depended on the vol-
ume and the localization of the lesion. Patients with syn-
chronous oligometastatic disease and untreated primary 
received definitive radiotherapy to the primary simulta-
neously to MDT for oligometastasis. Patients diagnosed 
with local recurrence and/or pelvic lymph node-recur-
rence additional to bone metastases were treated simul-
taneously with radiotherapy to prostate fossa with or 
without whole-pelvic radiotherapy and boost to affected 
lymph nodes.

Follow‑up
PSA analysis was conducted every three to 6  months 
after radiotherapy. Biochemical failure was defined as 
(1) in the case of patients previously not treated with 
radical prostatectomy, the first PSA increase that was 
2 ng/ml above the nadir after MDT; or (2) in the case of 
patients previously treated with radical prostatectomy, a 
PSA increase 0,2 ng/m above the nadir after MDT. Stag-
ing imaging was repeated if warranted by symptoms or 
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change in PSA dynamics. Clinical failure was defined as 
progressive disease in imaging or initiation or escalation 
of systemic therapies. The decision regarding changes to 
a patient’s treatment paradigm and the initiation or esca-
lation of the systemic therapy after progression was at the 
discretion of the treating urologist.

Statistical analysis
All statistical analyses were conducted using SPSS Ver-
sion 26 (IBM Corp., Armonk, NY, USA). Toxicity was 
graded according to the Common Terminology Criteria 
for Adverse Events (CTCAE) version 5.0. Acute toxicity 
was defined as toxicity occurring during RT or within 
3 months thereafter. Endpoints evaluated were local con-
trol (LC), biochemical progression-free survival (bPFS) 
and clinical progression-free survival (cPFS). Time to 
progression was defined as time between the first date 
of MDT to the date of the first biochemical or clini-
cal evidence of progression. Local failure was defined as 
tumor growth or metabolic increase of a treated lesion 
in re-staging imaging, in conjunction with a rising PSA 
value, in a previously stable lesion. Events of interest 
were PSA failure for bPFS and local or distant failure for 
cPFS. Survival analysis was performed using the Kaplan–
Meier method. Univariate analysis using the log-rank 
test was conducted to evaluate the effect of age, Glea-
son score (GS), initial clinical or pathological T and N 
stage, PSA-doubling time (PSA-DT), number of metas-
tases, hormone-sensitivity, category of oligometastatic 
disease, use of concomitant ADT and biologically effec-
tive dose (BED) as potential prognostic factors for bPFS 
and cPFS. Multivariate analysis was performed using the 
Cox proportional hazards model, using covariates with 
a p-value < 0.10 in univariate analysis. All p-values < 0.05 
were considered statistically significant.

Results
Patient and treatment characteristics
Eighty prostate cancer patients with oligometastatic 
disease underwent MDT for bone metastases. Table  1 
shows patient characteristics. Median age at diagnosis 
of oligometastases was 72  years (range 50–87  years). In 
the majority of cases, the initial T-stage was T3, and the 
initial N-stage was N0. Half of the patients (50%) had a 
Gleason score ≥ 9. Most patients’ initial treatment was 
radical prostatectomy (80.1%), and 31.3% subsequently 
had radiotherapy due to locoregional recurrence. Initial 
treatment was definitive radiotherapy, primary systemic 
therapy and no pretreatment in 5.0%, 11.3% and 3.8%, 
respectively. The median time between primary treat-
ment and diagnosis of oligometastates was 22.1 months 
(range 0–260). At the time of MDT 31.3% of patients had 
de-novo synchronous oligometastatic disease, 46.3% had 

de-novo metachronous oligorecurrence after primary 
treatment and 22.5% had either de-novo oligoprogres-
sive disease, repeat oligometastatic disease or induced 
oligometastatic disease. Forty-three patients (53.8%) had 
already ADT at some point during their disease course, 
18 patients (22.5%) had CRPC.

Table  2 shows treatment characteristics. The staging 
method before diagnosis of OM was prostate specific 
membrane antigen—positron emission tomography/
computed tomography (PSMA-PET/CT) in most cases 
(91.3%). Median PSA at time of imaging was 1.24  ng/
ml (range 0.07–1252 ng/ml). Initially, 115 bone lesions 

Table 1  Patient characteristics

ADT, androgen deprivation therapy; CRPC, castration-resistant prostate cancer; 
HSPC, hormone-sensitive prostate cancer; MDT, metastasis-directed therapy; 
PSA, prostate specific antigen; RT, radiotherapy

Patients, n 80

Age at MDT (years), median (range) 72 (50–87)

Initial tumor stage, n (%)

 T1 3 (3.8%)

 T2 21 (26.3%)

 T3 54 (67.5%)

 Unknown 2 (2.5)

Initial nodal stage, n (%)

 N0 51 (63.7%)

 N +  21 (26.3%)

 Nx 5 (6.3%)

 Unknown 3 (3.8%)

Gleason score, n (%)

 ≤ 6 1 (1.3%)

 7 26 (32.5%)

 8 13 (16,3%)

 ≥ 9 40 (50.0%)

Initial PSA (ng/ml), median (range) 11,7 (3,6–1252)

Primary treatment, n (%)

 Surgery 39 (48.8%)

 Surgery + postoperative RT 25 (31.3%)

 Definitive RT 4 (5.0%)

 Primary ADT or chemotherapy 9 (11.3%)

 No pretreatment 3 (3.8%)

Time from primary treatment to MDT (months), 
median (range)

22.1 (0–260)

Category of oligometastatic disease, n (%)

 De novo synchronous oligometastatic disease 25 (31.3%)

 Metachronous oligorecurrent disease 37 (46.3%)

 Metachronous oligoprogressive disease 3 (3.8%)

 Induced oligometastatic disease 7 (8.8%)

 Repeat oligometastatic disease 8 (10.0%)

Previous ADT, n (%) 43 (53.8%)

HSPC/CRPC, n (%) 62 (77.5%)/18 (22.5%)
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were treated. The median number of metastases was 
one (range one–four) and 53 patients (66.3%) had a sin-
gle metastasis treated. Sites of metastases were skull, 
thoracic, spine, pelvis and extremities in 0.7%, 45.2%, 
10.4%, 39.1% and 3.5%, respectively. Median PSA 
before MDT was 1.23  ng/ml (range 0.07–1252). Data 
for PSA-DT before MDT was available for 49 patients 
and median pre-RT DT was 4.1 month.

The median BED using an α/β value of 3 was 93.3 Gy 
(range 75.8–95.3  Gy), and the most common fractiona-
tion schemes were 40  Gy in 10 fractions (56.3%) and 
30  Gy in 5 fractions (21.3%). Fifty-five patients (68.8%) 
received concomitant ADT.

Clinical outcomes
On first follow-up, 64 patients (80%) had PSA stability 
or decline after MDT and reached the PSA nadir after 
a median time of 3.4  months. Of 25 patients without 
concomitant ADT, PSA declined or was stable after RT 
in 14 patients (56.0%). After a median follow-up time of 
23 months (range 4–99 months) 45 patients (56.2%) had 
biochemical recurrence. Median bPFS was 16.5  months 
(95% confidence interval [CI] 11.3–22.7  months) and 
estimated bPFS at 1 and 2  years were 66.8% and 44.1%, 
respectively (Fig. 1a). In patients with stable or declined 
PSA-value median bPFS was 29.6  months (95% confi-
dence interval [CI] 16.0–35.9  months). Median cPFS 
in the whole population was 21.5  months (95% confi-
dence interval [CI] 11.9–31.0  months) and estimated 
cPFS at 1 and 2 years were 74.1% and 47.2%, respectively 
(Fig.  1b). In patients with stable or declined PSA-value 
median cPFS was 34.8 months (95% confidence interval 
[CI] 17.6–51.9  months). The local failure rate at 12 and 
24 months were 0% and 1.7%, respectively.

Tables 3 and 4 show the results of uni- and multivariate 
analysis. Factors predictive for bPFS in univariate analy-
sis were age, category of oligometastatic disease and con-
comitant ADT (Fig.  2a–c). There was a trend for better 
bPFS for patients with hormone-sensitive prostate cancer 
(HSPC) compared to patients with castration-resistant 
prostate cancer (CRPC) (P = 0.052) (Fig.  2d). Patients 
aged 70 or younger had a median bPFS of 34.3  months 
compared with 13.7  months in patients older 70  years 
(P = 0.007). Patients with de-novo synchronous oligo-
metastatic disease had a median bPFS of 34.3  months 
compared with 16.1  months for de-novo oligorecurrent 
and 10.3  months for the group with oligoprogressive, 
repeat oligometastatic or induced oligometastatic dis-
ease, (P = 0.003). Median bPFS was 26.0 vs. 9.2  months 
in patients treated with and without concomitant ADT 
(P < 0.001). On multivariate analysis age and concomitant 
ADT stayed significant for bPFS. Factors predictive for 
cPFS in univariate analysis were age, hormone-sensitiv-
ity, category of oligometastatic disease and concomitant 
ADT. Once again, younger age and concomitant ADT 
were significantly associated with improved cPFS.

MDT was well tolerated. No patient experienced grade 
three or higher toxicity. Acute grade two toxicity was 
observed in five patients (6.3%) consisting of diarrhoea 
and bone pain. Four patients (5%) had late grade two 
toxicity consisting of proctitis, erectile dysfunction and 

Table 2  Treatment characteristics

ADT, androgen deprivation therapy; BED, biologically effective dose; CT, 
computed tomography; MDT, metastasis-directed therapy; MRI, magnetic 
resonance imaging; PET, positron emission tomography; PSA, prostate specific 
antigen; PSA-DT, PSA-doubling time; PSMA, prostate specific membrane 
antigen; RT, radiotherapy

Imaging method prior to MDT, n (%)

PSMA-PET/CT 73 (91.3%)

Choline-PET/CT 3 (3.8%)

Bone scan with or without CT/MRI, n (%) 4 (5.0%)

PSA at imaging (ng/ml), median (range) 1.24 (0.07–1252)

Number of metastases, n (%)

 One metastasis 53 (66.3%)

 Two metastases 20 (25.0%)

 Three metastases 6 (7.5%)

 Four metastases 1 (1.3%)

Metastatic site, number of lesions (%)

 Skull 2 (0.7%)

 Thoracic (ribs/clavicles/sternum) 52 (45.2%)

 Spine 12 (10.4%)

 Pelvis including sacral bone 45 (39.1%)

 Extremities 4 (3.5%)

Type of treatment, n (%)

 MDT alone 49 (61.3%)

 MDT + salvage RT to prostate bed and/or local recur‑
rence and/or pelvis and regional LN

21 (26.3%)

 MDT + definitive RT to primary 10 (12.5%)

Pre-MDT PSA (ng/ml), median (range) 1.23 (0.07–1252)

Pre-MDT PSA-DT (month), median (range) 4.1 (0.7–34.0)

Dose prescription

 40 Gy/10 fractions (BED3: 93.3 Gy) n = 45 (56.3%)

 30 Gy/5 fractions (BED3: 90 Gy) n = 17 (21.3%)

 50.4 Gy/28 fractions (BED3: 80.6 Gy) n = 6 (7.5%)

 56 Gy/28 fractions (BED3: 93.3 Gy) n = 3 (3.8%)

 35 Gy/10 fractions (BED3: 75.8 Gy) n = 2 (2.5%)

 50 Gy/25 fractions (BED3: 83.3 Gy) n = 2 (2.5%)

 55 Gy/25 fractions (BED3: 95.3 Gy) n = 1 (1.3%)

 52,8 Gy/32 fractions (BED3: 81.8 Gy) n = 1 (1.3%)

 50 Gy/20 fractions (BED3: 91.7 Gy) n = 1 (1.3%)

 42 Gy/14 fractions (BED3: 84.0 Gy) n = 1 (1.3%)

 39 Gy/13 fractions (BED3: 78.0 Gy) n = 1 (1.3%)

Concomitant ADT, n (%) 55 (68.8%)
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Fig. 1  Kaplan–Meier curves: biochemical progression-free survival (a), clinical progression-free survival (b)

Table 3  univariate analysis of prognostic factors for bPFS and cPFS

ADT, androgen deprivation therapy; BED, biologically effective dose; bPFS, biochemical progression-free survival; cPFS, clinical progression-free survival; CRPC, 
castration-resistant prostate cancer; HSPC, hormone-sensitive prostate cancer; PSA, prostate specific antigen; PSA-DT, PSA-doubling time

Patient characteristics n Median bPFS 
(months)

p-value Median cPFS (months) p-value

Age at diagnosis of oligometastases 0.007 0.008
 ≤ 70 years 33 34.3 Not reached

 > 70 years 47 13.4 15.0

Gleason score 0.622 0.877

 ≤ 8 40 18.3 21.6

 ≥ 9 40 15.9 18.5

Initial tumor stage 0.710 0.601

 ≤ T2 24 18.3 21.6

 ≥ T3 54 16.5 21.5

Initial nodal stage 0.658 0.227

 N0 51 15.9 17.5

 N1 21 21.2 80.1

PSA-DT 0.928 0.952

 ≤ 4 months 24 15.9 19.0

 > 4 months 25 13.6 15.2

Number of metastases 0.471 0.413

 1 53 16.1 18.5

 ≥ 2 27 16.5 34.8

Hormone-sensitivity 0.052 0.040
 HSPC 62 21.2 26.5

 CRPC 18 12.0 12.8

Category of oligometastatic disease 0.003 0.003
 De-novo synchronous oligometastatic disease 25 34.3 80.9

 De-novo metachronous oligorecurrent disease 37 16.1 19.0

 Other (de-novo oligoprogressive, repeat oligometa‑
static or induced oligometastatic disease)

18 10.3 12.4

Concomitant ADT 0.000007 0.000149
 Present 55 26.0 34.8

 Absent 25 9.2 12.4

Dose BED3 0.142 0.102

 ≤ 93 Gy 31 26.0 17.3

 > 93 Gy 49 13.9 80.9
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consisting bone pain. Of note, three of these four patients 
had simultaneously a definitive RT to the primary, which 
could have caused or at least contributed to the adverse 
effects. No patient experienced a compression fracture of 
vertebra.

Pattern of progression and repeated MDT
Table  5 gives an overview of the pattern of progression 
and the following therapies. Progression after MDT 
was local failure, new bone metastases, lymph node 
metastases, local recurrence in the prostate fossa and 

biochemical relapse only in 4.4%, 60.0%, 17.7%, 6.6% and 
13.3%, respectively. Of the patients who progressed with 
new bone metastases, eight patients had polymetastatic 
relapse (> five metastases) and 19 patients had repeat oli-
gometastatic disease with median two new metastases 
(range one–five). Thirteen patients with repeat oligo-
metastatic disease underwent repeated MDT for 21 bone 
lesions. Median bPFS and cPFS after this second course 
of MDT were 13.1 and 14.0  months, respectively. Two 
patients received a third course of MDT without addi-
tional toxicity.

Table 4  Multivariate analysis of predictive factors for bPFS and cPFS

ADT, androgen deprivation therapy; bPFS, biochemical progression-free survival; cPFS, clinical progression-free survival; HR, hazard ratio; OD, oligometastatic disease

Patient characteristics bPFS cPFS

p-value HR (95% CI) p-value HR (95% CI)

Age at diagnosis of OD 0.007 2.69 (1.32–5.51) 0.015 2.60 (1.20–5.62)

Hormone-sensitivity 0.911 1.08 (0.29–4.04) 0.945 0.95 (0.23–3.93)

Category of OD 0.113 1.91 (0.86–4.24) 0.096 2.14 (0.87–5.27)

Concomitant ADT 0.000044 0.21 (0.10–0.44) 0.001 0.26 (0.12–0.58)

Fig. 2  Kaplan–Meier curves: biochemical progression-free survival in patients aged ≤ 70 and > 70 years (a), with synchronous oligometastatic 
disease, metachronous oligorecurrent disease or other (de-novo oligoprogressive, repeat oligometastatic or induced oligometastatic disease) (b), 
with or without concomitant ADT (c), with hormone-sensitive prostate cancer or castration-resistant prostate cancer (d)
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Discussion
To our knowledge, this study, including data from 80 
patients, is the largest series of patients with oligometa-
static prostate cancer treated with MDT for bone metas-
tases. We could demonstrate a high LC and a favorable 
toxicity profile. After 2 years, more than two out of five 
patients were free of progression. Age ≤ 70  years and 
concomitant ADT were predictive factors for improved 
bPFS and cPFS.

The observed median bPFS and cPFS of 16 and 
21  months, respectively, are comparable to the results 
of MDT for bone metastases in literature [14–16]. 
Bone metastases are considered to have a worse prog-
nosis compared to lymph node metastases in meta-
static prostate cancer [11], and the majority of experts 
in the advanced prostate cancer consensus conference 
(APCCC) voted for the distinction of these two kinds of 
metastatic patterns [8]. As all included patients in our 
study had bone oligometastases, no direct comparison 
with patients with lymph node oligometastases was pos-
sible. However, our results are also similar to data in lit-
erature of MDT for lymph node metastases with median 
PFS ranging from 15 to 18 months [17–20].

The best therapeutic strategy for patients with local 
recurrence in the prostate fossa or pelvic lymph node 
recurrence after radical prostatectomy is still under 
debate. Retrospective data show good results for sal-
vage radiotherapy in this situation [21–24]. Twenty-one 
patients in our study presented with bone oligometastatic 
disease and concurrent local recurrence in the prostate 
bed and/or pelvic lymph node recurrence. Leaving these 

potential sources of tumor spread untreated, would have 
foiled the effect of MDT. Thus, a therapeutic approach 
with radiotherapy to all macroscopic disease was chosen 
for these patients, i.e. MDT plus radiotherapy to pros-
tate fossa with or without whole-pelvic radiotherapy and 
boost to affected lymph nodes.

PSMA-PET/CT is increasingly finding its way into 
clinical practice and a high sensitivity and specificity for 
detection of bone metastases are reported [25–29]. In 
our series the vast majority (91%) of patients was staged 
with PSMA-PET/CT before MDT. However, a relevant 
proportion (20%) had rising PSA levels after MDT, indi-
cating that subclinical and thus untreated disease was 
present at the time of imaging. Obviously, the proportion 
was even higher in patients without concomitant ADT 
(44%). This underscores the importance of additional 
indicators to distinguish in advance the patients with an 
occult polymetastatic state from those with “true” oligo-
metastatic disease.

No consensus exists on the concomitant use of sys-
temic therapy in oligometastatic prostate cancer. On 
the one hand ADT and its combination therapies can 
be associated with significant side effects and deteriora-
tion of the quality of life. Therefore, some experts aim to 
defer systemic therapies by MDT. Androgen deprivation 
therapy-free survival (ADT-FS) was introduced as a new 
endpoint and reported by some authors, ranging between 
7 and 66  months with MDT [13]. Furthermore, the 
STOMP randomized phase II trial showed a prolonged 
ADT-FS compared to surveillance (21 vs. 13  months) 
[6]. On the other hand, there is a clear body of evidence 

Table 5  Pattern of progression following MDT

ADT, androgen deprivation therapy; MDT, metastasis-directed therapy; PSA, prostate specific antigen; RT, radiotherapy

Metastatic location n (%) Therapy n (%)

Local failure 2 (4.4%) ADT initiation/escalation 2 (4.4%)

 ≤ 5 new bone metastases 19 (42.2%) Repeated MDT 10 (22.2%)

ADT initiation/escalation 6 (13.3%)

Repeated MDT + ADT initiation/escalation 3 (6.6%)

 > 5 new bone metastases 8 (17.7%) ADT initiation/escalation 5 (11.1%)

Lutetium radio-ligand therapy 2 (4.4%)

None 1 (2.2%)

Lymph node recurrence 8 (17.7%) Salvage-RT + ADT initiation/escalation 4 (8.8%)

ADT escalation 3 (6.6%)

None 1 (2.2%)

Prostate fossa recurrence 3 (6.6%) Salvage-RT + ADT initiation/escalation 2 (4.4%)

ADT initiation 1 (2.2%)

Visceral metastases 2 (4.4%) Chemotherapy initiation 1 (2.2%)

Repeated MDT 1 (2.2%)

Biochemical progression only 7 (13.3%) ADT initiation/escalation 3 (6.6%)

None 4 (8.8%)
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showing improved overall survival with systemic thera-
pies in metastatic disease [30–32]. In our series, concom-
itant ADT not only was a predictor of improved bPFS in 
multivariate analysis but also of improved cPFS. Given 
that subclinical disease is missed by imaging in a signifi-
cant proportion of oligometastatic patients, concomitant 
ADT may contribute to long-term tumor control. There-
fore, omitting ADT may be correlated with a decreased 
survival while temporarily delaying its side effects. This 
point should be considered and discussed in the context 
of informed decision-making with patients. Indeed, the 
majority of panelists of APCCC voted for adding MDT to 
systemic therapies, instead of replacing them [8].

Of those patients with disease progression, almost one-
third relapsed in an oligometastatic pattern and received 
a second course of MDT, and two patients underwent a 
third course of MDT without increased toxicity. This is 
in accordance with previous reports, which reported sec-
ond, third and fourth courses of MDT with favorable tox-
icity profiles.

In our series, MDT resulted in a very good LC of 
98.3% at 2  years, compared to the results of other pub-
lished studies, ranging from 75 to 100% [14–16, 33–35]. 
This was despite the fact that, compared to radiother-
apy schedules in other studies, a relative low BED3 with 
median 93.3  Gy (range 75.8–95.3  Gy) was used. Ost 
et  al. found improved LC of MDT at BED3 > 100  Gy 
and Hurmuz and colleagues reported improved PFS 
at BED3 > 108  Gy [36, 37]. In our study, no dose effect 
on bPFS or cPFS was found. Of note, in the aforemen-
tioned series both lymph node and bone metastases 
were treated and the majority of bone lesions were in the 
spine. In contrast, most lesions in our series were non-
spine metastases (89.4%). In a recent study of interna-
tional practice patterns of SBRT for non-spine metastases 
all experts agreed on dose regimens with a BED ≤ 100 Gy 
[38]. However, due to the limited patient number and 
follow-up time, our results regarding local control should 
be taken with caution.

The majority of panelists of APCCC agreed that dif-
ferent categories of oligometastases need to be distin-
guished [39]. Many studies of MDT in prostate cancer, 
including the two phase II trials, included patients 
with metachronous oligorecurrent disease, but not 
with synchronous oligometastases [6, 7]. The rand-
omized phase III STAMPEDE trial showed that primary 
directed therapy (PDT) improved failure-free survival 
in patients with synchronous metastatic disease with 
a low metastatic burden, but MDT was not performed 
[40]. We divided the included patients into different 
categories of oligometastatic disease according to the 
recent ESTRO/EORTC recommendation. However, there 
were few patients within the categories metachronous 

oligoprogressive disease, induced oligometastatic disease 
and recurrent oligometastatic disease, so we grouped 
them together for univariate and multivariate analy-
sis. In our series, bPFS was more than twice as long and 
cPFS was more than four times longer in patients with 
synchronous metastatic disease compared with patients 
with de novo oligorecurrent oligometastatic disease. This 
appears to contradict the findings of other retrospective 
data, that reported improved oncologic outcome with 
increasing interval between therapy of primary and diag-
nosis of oligometastases [41–43].

One possible reason for this could be that several defi-
nitions for synchronous oligometastatic disease are avail-
able in the literature. No consensus exists on the exact 
interval between the diagnosis of the primary tumor 
and the detection of oligometastases to distinguish 
between metachronous and occult synchronous disease. 
Some studies define oligometastatic disease as synchro-
nous only if oligometastases are detected at initial stag-
ing. Current guidelines recommend staging with bone 
scan before primary therapy depending on risk factors 
such as Gleason score, and staging with PET/CT is rec-
ommended only in cases with biochemical recurrence, 
although PET/CT has a higher detection rate for bone 
metastases compared with bone scan [44, 45]. This may 
result in synchronous oligometastatic disease being diag-
nosed rather in those patients who have high-risk factors 
for aggressive tumor growth (and thus have initial stag-
ing) and in those patients with a more extensive (and 
therefore detectable with bone scan) oligometastatic dis-
ease. However, another commonly used definition of syn-
chronous disease, which we applied, is an interval of less 
than 6 months between primary prostate cancer diagno-
sis and diagnosis of oligometastatic disease. This defini-
tion results in more patients with low-risk profile and 
initial low metastatic burden categorized as synchronous 
oligometastatic disease, and subsequently could lead to 
an improved outcome of these category.

Patients with HSPC had significant longer cPFS in uni-
variate analysis compared to patients with CRPC. This is 
in accordance with data from previous studies, showing 
worse PFS in oligometastatic patients with CRPC [46–
49]. On the other hand, Berghen and colleagues showed 
benefits of MDT in patients with CRPC in terms of post-
ponement of next-line systemic treatment [50].

Our study has some limitations due to its retrospec-
tive and monocentric nature. Furthermore, as the 
median follow-up time is relatively short the relevant 
endpoints overall survival or prostate cancer specific 
survival could not be assessed. Pretreatment imaging 
in the majority of patients was PSMA PET/CT, which 
has been shown to have high specificity in detecting 
prostate cancer metastases [25]. However, because 
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histologic verification was not performed, we could not 
exclude false-positive and false-negative PSMA PET 
lesions. The use of concomitant ADT was inconsistent, 
which complicated the interpretation of PSA kinetics 
and bPFS.

However, until further prospective data is available, 
this study sheds some light on the previously under-
represented group of patients with bone oligometa-
static prostate cancer treated with MDT and stratified 
by current ESTRO/EORTC subclassifications for oligo-
metastatic disease. Although hormone-sensitivity and 
the category of oligometastatic disease were no longer 
significant factors in the multivariate analysis, the large 
differences in the oncological outcome between the 
groups still highlight the need for a finer differentiation 
of patients with bone oligometastatic disease.

Conclusions
MDT for bone oligometastatic prostate cancer is safe 
and offers high local control rates. At 2  years after 
treatment, more than 2 out of 5 patients are free from 
progression. Further subclassification of oligometa-
static disease seems reasonable to identify the patients, 
which benefit the most from MDT.
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