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Abstract

Background: Due to improved imaging sensitivity, the term “oligometastatic” prostate cancer disease is diagnosed
more often, leading to an increasing interest in metastasis-directed therapy (MDT). There are two types of radiation
based MDT applied when treating oligometastatic disease: (1) stereotactic body radiation therapy (SBRT) generally
used for bone metastases; or (2) SBRT for isolated nodal oligometastases combined with prophylactic elective nodal
radiotherapy. This review aims to summarize current evidence data, which may shed light on the optimal manage-
ment of this heterogeneous group of patients.

Methods: A systematic review of the Medline database through PubMed was performed according to PRISMA
guidelines. All relevant studies published up to November 2020 were identified and screened. Fifty-six titles were
included. Besides outcome parameters, different prognostic and predictive factors were assessed, including site of
metastases, time between primary treatment and MDT, use of systemic therapies, hormone sensitivity, as well as pat-
tern of recurrence.

Findings: Evidence consists largely of retrospective case series and no consistent precise definition of oligometas-
tasis exists, however, most investigators seem to acknowledge the need to distinguish between patients presenting
with what is frequently called “synchronous” versus “metachronous” oligometastatic disease. Available data on radio-
therapy as MDT demonstrate high local control rates and a small but relevant proportion of patients without progres-
sive disease after 2 years. This holds true for both hormone sensitive and castration resistant prostate cancer diseases.
The use of ®®Ga-PSMA PET/CT for staging increased dramatically. Radiation doses and field sizes varied considerably
among the studies. The search for relevant prognostic and predictive factors is ongoing.

Conclusions: To our best knowledge this review on oligometastatic prostate cancer included the largest number of
original articles. It demonstrates the therapeutic potential and challenges of MDT for oligometastatic prostate cancer.
Prospective studies are under way and will provide further high-level evidence.

Keywords: Oligometastatic prostate cancer, Metastasis-directed therapy, Radiotherapy, SBRT, ENRT

proportion of patients develop metastases. Immedi-
ate or delayed androgen deprivation therapy (ADT),
chemotherapy, chemohormonal therapy and palliative
radiotherapy have traditionally been the mainstay of the
management of metastatic prostate cancer (MPC) [2].
However, sensitive PSA detection and improved

Background

Prostate cancer (PC) is the second most common cancer
in men worldwide [1]. After primary treatment with radi-
cal prostatectomy or radiation therapy (RT), a relevant
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imaging are increasingly leading to the diagnosis of
“oligometastatic disease’, which in turn has raised new
questions concerning the value of metastasis-directed
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therapy (MDT) on progression free survival (PES) and
overall survival (OS). The definition of oligometastatic
disease is inconsistent and varies from as few as one
but up to between three and five metastases. Malig-
nant cells in this state are supposed to have a limited
metastatic capacity, accompanied with less aggressive
behavior [3]. Accumulating evidence suggests that local
MDT could defer disease progression, delay the need of
systemic therapies and spare their toxicities. However,
in some cases, clinical oligometastasis is only the tip
of the iceberg for a subclinical polymetastatic disease.
Proper patient selection, as well as the definitions use
and relevant endpoints may be critically important to
optimal approach oligometastatic disease [4].

Radiotherapy and in particular stereotactic body
radiation therapy (SBRT), also sometimes called stereo-
tactic ablative radiotherapy (SABR), presents a logical
option for MDT and has been used in many retrospec-
tive case series. Figure 1 shows the growing number of
publications on oligometastatic PC in the last 7 years.

Timing of the diagnosis of oligometastatic disease
seems to be widely held to be important. For example,
68% of expert participants in the advanced prostate
cancer consensus conference (APCCC) considered it
important to distinguish between patients present-
ing with what is frequently called “synchronous” ver-
sus “metachronous” (appeared later in the course of
the disease) oligometastatic disease. Further, despite
the lack of high-level evidence, 64% of APCCC mem-
bers voted for an ablative MDT in metachronous oligo-
metastatic PC [5]. This systematic review provides an
overview of the evidence to date for MDT in oligometa-
static PC.
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Fig. 1 Publications on oligometastatic prostate cancer
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Methods

A systematic review of the Medline database trough
PubMed was performed in October 2019 and updated
in November 2020 according to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
analysis) guidelines. Search terms used were: “prostate
cancer’, “radiotherapy’, "oligometastatic* and “metasta-
sis-directed” or combinations of these. Further inclusion
criteria were (a) original article; (b) article in English; (c)
accessibility to the full article; (d) cohort consists of oligo-
metastatic PC patients only; () MDT was radiotherapy.
Additional references were identified from the bibliogra-
phies of candidate articles. To minimize publication and
reporting bias, case series that comprised fewer than five
cases were excluded. Moreover, studies in which not all
metastases were treated or just a palliative radiotherapy
was conducted were excluded as well. Two studies with-
out sufficient clinical survival data were also excluded.
The study selection process is shown in Fig. 2.

Results

Oligometastatic prostate cancer and outcome of MDT
Overall, 56 Studies from 2012 to 2020 were included.
Study methods and designs are listed in Table 1. The vast
majority of the studies were retrospective case series
with median follow-up times between 6 and 70 months.
Oligometastasis was inconsistently defined, with three
and five metastases as the mostly used cut-off value. The
inconsistent definition between the studies reflects the
ongoing debate and suggests the difficulty of capturing
the oligometastatic state by the sheer number of metas-
tases alone. Of note, even though in most studies a maxi-
mum of five metastases was used in the inclusion criteria,
the majority of patients had one or two metastases.

Whether the number of metastases also has prognos-
tic value within the collective of oligometastatic patients
remains unclear. While some studies - possibly under-
powered due to small patient cohorts - could not show
any influence, the number of metastases had an impact
on the outcome in other studies [6—12].

Data for local control (LC) and progression free sur-
vival (PFS) are shown in Table 1. LC rates ranged between
76 and 100% at 2 years. PFS was inconsistently defined,
as biochemical progression, clinical progression or both.
The reported PFS values ranged from 38 to 100% at 1 year
and 22-83% at 2 years and median PFS rates ranged from
7 to 63 month. The ORIOLE Trial, (a randomized phase
II study) compared observation and MDT, and showed a
significant difference in the median PFS with MDT (not
reached vs. 5.8 months; hazard ratio, 0.30) [13]. Due to
the large number of small case series, patient collectives,
therapies and predictive factors differed substantially.
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Titles identified by search (n=311)|

Additional titles found trough other
sources (n=8)

(n=319)

Title and abstract reviewed

252 Excluded
- 5:not available
- 14: language not english

- 39: comment / trial protocol / survey /
treatment recommendation / consensus
statement

71: Reviews
6: n < 5 patients
66: non-oligometastasis
15: non prostate cancer (only)

Full-text article reviewed (n=67) |

36: non-radiation treatment

11 Excluded
- 3:non-MDT
- 3 subset analysis of previously published

cohort
- 1: palliative treatment of bone metastases
- 1:not all metastases treated
- 3:insufficient clinical data

56 articles

|INCLUDED | (ELIGIBILITY | SCREENING | [IDENTIFICATION|

Fig. 2 Selection process

Hereinafter, some of these factors and their predictive
value will be discussed in detail.

Site of oligometastasis: bone versus lymph node

The sites of treated metastases in the studies were mostly
bone or lymph node. In the present review, twelve, seven
and 37 studies with treatment of exclusively nodal metas-
tases, bone metastases or both were included and inves-
tigated. In most studies including patients with nodal and
bone metastases, the site of metastasis was not a predic-
tive factor for the respective clinical outcomes [10, 12,
14-25]. In contrast, Fodor et al. reported a higher risk for
clinical relapse in patients with extra-pelvic lymph nodes
metastases compared with pelvic lymph node lesions and
in the studies of Schick et al. and Deek et al. a trend for
better biochemical progression-free survival (BPFS) was
shown in patients with lymph node metastases compared
with those with bone metastases [6, 26, 27]. In addition,
the largest study to date based on prospectively collected
data based on patients treated on clinical trials, demon-
strated that the presence of bone metastases was asso-
ciated with a worse survival compared to lymph node
metastases in MPC [28]. Hence, it is not surprising that
in the recently published APCCC report, the majority
of experts voted for the distinction of these two kinds
of metastatic patterns [29]. However, since encouraging

clinical outcomes of studies with exclusively bone
metastases were reported, with 2-year LC and PFS rates
of 76-100% and 27-38%, respectively, these patients
may benefit from MDT and should not be excluded [8,
30-35].

Imaging methods

Due to the lack of predictive biomarkers, the definition
of oligometastasis is currently based on the sheer num-
ber of metastases as determined by imaging, underscor-
ing the critical importance of reliable imaging. Staging
with ®8Ga-prostate-specific membrane antigen PET/CT
(PSMA PET/CT) appears to show the highest detec-
tion rates of metastases compared to other imaging
modalities till now [36]. High detection rates of 15-58%,
25-73% and 69-100% were reported for PSA ranges of
0.2-0.5 ng/ml, 0.5-1.0 ng/ml and 1-2 ng/ml, respectively
[37-41]. Compared to Choline PET/CT, PSMA PET/CT
is substantially more sensitive, especially for low PSA val-
ues less than 2 ng/ml [42, 43].

Therefore, due to the lower detection rates in stud-
ies that did not use PSMA PET/CT as imaging, many
patients may have been yet undiagnosed polymetastatic
disease and were consequently understaged [44]. In
fact, even staging with PSMA PET/CT cannot exclude
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this possibility, but it can be assumed that this modality
comes closest to defining a “true” oligometastatic state.

Two of the included studies investigated staging with
choline or PSMA PET/CT as predictive factor in univari-
ate analysis but failed to detect any impact of imaging on
LC, PFS, OS or treatment escalation [19, 22]. However,
small case numbers may limit the statistic power to prove
a significant difference.

Despite the absence of definitive evidence for superior-
ity of PSMA PET/CT in the oligometastatic setting, there
has been a remarkable increase in use of ®*Ga -PSMA
PET/CT imaging in recent years. While 17% of the stud-
ies in this review published in 2017 used at least in part
PSMA PET/CT, it was 47% and 78% of the studies in
2018 and 2019 [20-23, 32-34, 42, 45-55]. Being in line
with these data, the panelists of APCCC recommended
PSMA PET/CT to confirm the diagnosis of an oligometa-
static disease after radical treatment [5]. A PSA thresh-
old of 0.3 to 0.83 ng/ml appears to be an optimal cut-off
value for using PSMA PET/CT as staging [50, 51, 54].

Synchronous versus metachronous disease

As used in the literature, oligometastasis can be defined
to be present if detected either synchronously at the time
of diagnosis of the primary tumor or metachronously (at
a later date). However, the former scenario was regarded
by some experts simply as metastatic disease. Moreover,
there is no consensus in literature on the exact interval
between diagnosis of the primary tumor and detection
of oligometastases to differentiate between metachro-
nous versus occult synchronous disease. Nevertheless,
a frequently used definition of metachronous disease
is an interval of more than 6 months [56]. Although the
vast majority of the studies included patients with recur-
rent, i.e. “metachronous” disease, the reported intervals
between primary diagnosis and detection of metastases
were often less than 6 months. These studies had there-
fore rather mixed populations with metachronous and
synchronous metastatic disease.

The parameters “time between primary and detection
of oligometastasis” or “time between primary and radio-
therapy” were reported in 35 studies with a median time
interval between 7 and 67 months (range 0—240 months).
Only 13 studies evaluated and reported one of these
parameters in univariate or regression analysis, nine of
them found no impact on outcome [15, 19, 20, 22, 24, 26,
48, 49, 57, 58]. In contrast, Lépinoy et al. showed that a
dichotomous division of patients by interval between
primary and oligometastasis of more or less than 5 years
was predictive for failure in both univariate and multi-
variate analyses with better outcome for intervals longer
than 5 years [59]. Similarly, Ong et al. reported a bet-
ter distant progression-free survival with longer time
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intervals and Kalinauskaite found an improved treatment
failure free-survival in patients with time to first metas-
tasis longer than 36 months [12, 23]. In accordance with
this data, it seems rational that a longer interval between
primary diagnosis and oligometastasis may indicate less
aggressive tumor biology. Metachronous disease was also
an inclusion criterion for the two major phase II stud-
ies STOMP and ORIOLE addressing MDT in metastatic
prostate cancer [13, 60].

Systemic therapies

Since it is widely accepted that hormone-sensitive pros-
tate cancer (HSPC) and castration-resistant prostate
cancer (CRPC) are different entities in terms of tumor
biology and prognosis, it is consequential that in most
studies the status of hormone sensitivity was reported
[7,12, 13,17, 19, 22, 30, 32, 34, 35, 44, 49, 50, 53, 54, 58,
61-65]. In the study of Franzese et al. CRPC was an inde-
pendent risk factor for inferior PFS compared to HSPC
in multivariate analysis (HR 2.12, p=0.021) [19]. This
was confirmed by the data reported by Patel et al. (HR
8.43, p<0.001) [34]. In addition, Guler and Deek reported
a significant worse PFS in CRPC patients [27, 50]. The
reasons could be the more aggressive tumor biology in
CRPC or/and a worse response to MDT. In our opinion,
HSPC and CRPC should be considered as two distinct
subgroups for further studies of oligometastasis.

Little is reported about the influence of hormone sen-
sitivity on LC rates. Deek et al. found a significant higher
local failure rate in CRPC patients compared with HSPC
patients and Franzese et al. confirmed CRPC as a pre-
dictive factor for worse LC in univariate analysis [19,
27]. However, this effect was no longer detectable in the
multivariate analysis. LC rates in the mixed-group stud-
ies were similar to those in which only HSPC patients
were included. The 2-year local control reported by Trig-
giani et al. was 92.8% and 90.2% for HSPC and CRPC,
respectively, so that it can be concluded that SBRT was
able to achieve an excellent LC rate in both CRPC and
HSPC oligometastatic patients [18]. This is not surprising
given the fact that most studies of RT palliation for bone
metastases have reported high response rates [66].

The “standard of care” for MPC has been ADT alone
until recently wherein combinations including other
systemic agents such as abiraterone or docetaxel have
been added [67-69]. Even more recently local irradia-
tion of prostate has been to standard systemic treatment
and shown to improve overall survival for men with de
novo metastatic prostate cancer with low metastatic bur-
den [70]. However, some patients refuse systemic treat-
ment primarily due to fears concerning their potential
side effects and their comorbidity. Thus, androgen dep-
rivation therapy free survival (ADTFS) was introduced
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by some authors in HSPC patients and reported in sev-
eral studies, which ranged between 7 and 66 months
[9, 12, 14-18, 25, 27, 32, 46, 57, 58, 71, 72]. Similarly, in
CRPC cohorts, systemic therapy-free survival and treat-
ment escalation-free survival, ranging between 16 and
27 months, were also introduced in the management of
prostate cancer and investigated in some studies [22, 24,
47]. In the case of newly developed oligometastasis after
the initial metastasis-directed therapy, a second and fur-
ther SBRT was allowed in some of these studies.

Of particular note is the prospective randomized
STOMP study, which showed a prolonged ADTFS with
MDT compared to observation after a medial follow-up
of 3 years (21 vs. 13 month) [60]. LC and biochemical
progression-free time were also improved in the MDT
group with comparable quality of life. In the prospec-
tive single-arm trial reported by Siva et al.,, the ADTFS
rate was 48% at 2 years. On the other side, there is a clear
body of evidence showing improved overall survival with
ADT and its combination therapies in metastatic disease
[67, 73, 74]. Thus, omitting ADT may be associated with
a worse survival while temporarily delaying side effects.
This point should also be taken into account in decision-
making of treatment and in the context of informed deci-
sion making with patients. Indeed 75% of the panelists of
APCCC recommended adding MDT to systemic thera-
pies, instead of replacing them [29].

Radiation response, dose and field size

Baumann et al. examined the metabolic response rate in
PSMA PET/CT after SBRT of bone metastases with 5 x 7
Gy [45]. 78% of the irradiated lesions showed a meta-
bolic response, which correlated with the time interval
between SBRT and the post-therapeutic PSMA PET/CT.
The metabolic response rate was 100% when follow-up
imaging was performed 5 months or longer after the radi-
ation. Consequently, a time interval of at least 6 months
was recommended for the post-therapeutic PSMA PET/
CT as response evaluation.

The used fractionation schemes were highly variable
(Table 1) ranging from single-dose SBRT with 24 Gy over
total doses of 20-50 Gy (or more) in several fractions
by moderately hypofractionated or normofractionated
schedules. The most common fractionation scheme was
30 Gy in three fractions. Although in general the LC rate
was high with acceptable toxicities, the optimal fraction-
ation scheme remains undefined.

Some studies fail to show that radiation dose is pre-
dictive of outcome [17, 21, 24-26, 33, 53, 75], however,
Ost et al. found better local PFS in multivariate analysis
with a biological effective dose (BED)>100 Gy, using an
a/p value of 3 Gy [16]. This cut-off dose was supported
by another study in which a BED>100 Gy resulted in
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prolonged systemic treatment-free survival in univariate
analysis [24]. In addition, Hurmuz and colleagues showed
a better progression free-survival with a BED>108 Gy
[11]. Muldermans et al. reported a higher 2-year LC rate
for SBRT with > 18 Gy compared to 16 Gy (95% vs. 58%,
p=0.001). In another study of 40 patients, a median
single-fraction dose of 20 Gy was used. Local failure
occurred only in two patients who were treated with a
reduced SBRT dose, because of prior radiotherapy and/
or vicinity to dose-sensitive organs related at risk [7, 31].
Additionally, Schick et al. found a significantly improved
BPES for SBRT with EQD, (equivalent dose in 2 Gy
fractions) >64 Gy using an o/p-value of 2 Gy (HR 0.37,
p=0.034) [6]. Although these observations may be con-
sidered “first hints” for defining the optimal dose, which
should be taken into-account in the designing of further
clinical trials, caution must be exercised in assuming that
these post hoc studies are definitive due to issues related
to major patient selection biases.

Regarding MDT of lymph node metastases, a distinc-
tion must be made between SBRT of the affected lymph
nodes only and prophylactic elective nodal radiation
therapy (ENRT) of the (loco)-regional lymph node sta-
tion. ENRT usually involves using conventionally frac-
tionated (i.e. 1.8-2.0 Gy) to imaging negative nodes to
45-50 Gy with a boost to the affected (i.e. PET positive)
lymph nodes [6, 26, 76]. SBRT of lymph node metasta-
sis was performed in a single fraction or hypofraction-
ated with doses between 24 and 50 Gy in 3-10 fractions.
Some studies reported a type of “involved field” irradia-
tion without inclusion of the whole ipsilateral lymphatic
drainage [21, 51, 54]. The doses used were 45—-60 Gy with
a boost up to total doses ranging from 63 to 74 Gy.

In two studies, the authors directly compared SBRT
to ENRT plus Boost: Lépinoy et al. compared SBRT of
affected lymph nodes mostly using 36 Gy in 5 fractions
to conventionally fractionation extended field irradiation
of the whole pelvis [59]. The use of ENRT was associated
with a significantly longer failure-free time, albeit with
a little more acute gastrointestinal toxicity. Their results
were confirmed by De Bleser et al, who also reported
fewer nodal recurrences and higher late toxicity in the
ENRT group [48]. These findings and the pattern of pro-
gression described below support the hypothesis that in
some cases, despite improved imaging sensitivity, the
extent of metastasis, especially the spreading of micro-
scopic cancer cells, is underestimated.

Pattern of progression

Distant/regional progression-free survival after MDT
was 27-45% after 2 years [15, 51, 54, 62, 63]. Of the
patients, who relapsed after the initial MDT, 50-91%
relapsed again in an oligometastatic pattern (as defined
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in the initial definition of oligometastasis in each study)
[15, 54]. A second, third and fourth course of SBRT was
administered in some studies without increased toxicity
[12, 15, 51, 54, 58, 62, 63, 65]. In the trials using SBRT
for MDT, recurrences occurred mostly in the same organ
system, in lymph nodes or bone, respectively [15, 17,
44]. Moreover, Nicosia et al. described that the major-
ity of patients with nodal recurrence after SBRT suffered
a lymph node relapse, which was out of but close to the
radiation fields [53]. Soldatov et al. reported a shift from
iliac lymph node metastases to retroperitoneal lymph
node metastases or from retroperitoneal to distant lymph
node metastases and bone metastases in patients with
oligometastatic lymph nodes treated with ENRT [54].
This might be explained by the coverage of adjacent
lymph nodes or elective lymph node stations. Moreover,
the radiation dose for elective lymph node stations in the
ENRT approach seems to be sufficient to eliminate the
microscopic tumor cells, in principle favoring extended
irradiation fields in this regard. However, less toxicities
and the feasibility of repeated radiotherapy and possibly
an enhanced immune response as shown in the ORIOLE
trial potentially supporting the rationale for the use of
SBRT alone [13].

Conclusion and future perspectives
The present review summarizes the available evidence
on MDT in patients with what is commonly called “oli-
gometastatic” prostate cancer. Unfortunately, there is a
lack of consistency as to how “oligometastatic” disease
is defined how it was treated, and the endpoints used
to assess outcomes. In addition, due to rapidly evolving
nature of imaging, the complexities involved in deter-
mining optimal management of oligometastatic prostate
cancer diseases cannot be resolved today. Nonetheless,
low morbidity and high local control rates have been
reported with a considerable proportion of patients (22—
83%) remained progression-free for 2 years. With its rela-
tively high sensitivity and specificity (compared to other
imaging approaches), PSMA PET/CT was increasingly
used for staging and for defining this entity. Although
to date there is no randomized data demonstrating a
better clinical outcome by using PSMA PET/CT for oli-
gometastatic disease, it can be assumed that the higher
detection rate will allow more patients to be diagnosed
earlier in the metastatic course. This is supported by the
multicenter retrospective cohort study of Mazzola and
colleagues, in which PSMA-PET-guided SBRT for oligor-
ecurrent castration-sensitive PC lead to a higher rate of
ADT-free patients when compared with the 18F-choline-
PET cohort [77].

Till now, the definition of oligometastasis was based
on the sheer number of metastases, without taking into
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account the inhomogeneous biologic characters of cancer
diseases and the potentially critical distinction between
synchronous and metachronous metastasis. This may
explain the inconsistencies in the results reported in
different studies. The limitations associated with a defi-
nition based solely by the number of “oligometastasis”
and on imperfect imaging, means that we are doomed to
have an imperfect definition. Other risk factors, such as
Gleason score, PSA kinetics, should also be involved in
the differentiation of the oligometastatic diseases in the
future. Moreover, given its rapid evolvement in the last
years and great potential for precise risk stratification,
novel biomarkers may be helpful for identifying patients
who benefit from MDT.

Treatment regimens varied widely in radiation dose
and field size. A possible cut-off value of radiation dose
could be considered at BED >100 Gy. In lymph node irra-
diation, a more extensive ENRT seemed to be superior
to SBRT in terms of loco-regional disease control, albeit
at cost of slightly higher incidence of acute toxicity. With
the recent completed enrollment of >2500 patients on
to RTOG 0924 trial (evaluating the impact of prophy-
lactic nodal irradiation) and a planned analysis in 2023),
the understanding and management of micro-metastatic
disease (possibly below the resolution of PSMA-PET) is
likely to change.

Although, the role of ADT in the oligometastatic
patients treated with MDT remains an unsolved issue, it
seems most highly implausible that RT alone will ever be
adequate. While there is evidence from a phase II study
for a prolonged ADTES with MDT in oligometastatic
patients, concurrent ADT seemed to improve the effec-
tivity of MDT in some other retrospective series. Thus,
future studies should be designed to clarify the role of
ADT in oligometastatic diseases, especially in the context
of the widespread usage of MDT. It may be possible that
different subgroup of oligometastatic patients benefit
from different therapy approach, which also need to be
addressed. Several prospective studies on MDT in oligo-
metastatic prostate cancer are ongoing [36, 78—81]. Their
final results will hopefully provide more solid evidence
for the optimal usage of MDT in clinical practice.
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