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Abstract: There has been growing interest in oligometastatic prostate cancer (OMPC) with a mounting
body of evidence to suggest that it is a distinct disease state, both biologically and prognostically, when
compared to polymetastatic prostate cancer. Three subgroups have been recognised; de novo synchronous,
metachronous/oligorecurrent and oligoprogressive disease. The belief that patients with OMPC can be
treated more aggressively to improve survival is transforming patient care. Identifying these patients poses
the first challenge, and we explore the imaging modalities currently utilised and those that are promising.
For patients with de novo synchronous OMPC, both early systemic treatment in addition to androgen
deprivation therapy (ADT) and radiotherapy to the prostate increase overall survival (OS), and both
are increasingly being integrated into routine clinical practice. Metastasis-directed therapy (MDT) has
predominantly been delivered using stereotactic body radiotherapy (SBRT) in prostate cancer and studies
have shown SBRT is well-tolerated, provides excellent local control and can be used to delay ADT in
the metachronous setting. We discuss the current management strategies in OMPC, review the evidence
supporting the use of SBRT and outline ongoing trials.
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Introduction
Metastatic prostate cancer has conventionally been managed
with chemo-hormonal treatment only; the cornerstone
of treatment being with luteinizing hormone-releasing
hormone (LHRH) analogues, followed by the addition
of systemic treatments in a sequential manner. Radium is
available for those with bony metastatic disease. The role
for local therapy has, until recently, only been for palliation
of symptoms. There have been many advances in the diagnosis
and management of this group of patients in the last 5 years,

but despite this, prostate cancer remains the second most
common cause of cancer-related death in men (1).
There has been a shift in the metastatic paradigm as
our understanding of the disease process has evolved.
The traditional belief is that localised tumours are curable
and metastatic spread is incurable, leading ultimately to a
shortened life. The concept of oligometastatic spread of
cancer has gained traction in recent years in the field of
prostate cancer, with over 90% of international experts
at the Advanced Prostate Cancer Consensus Conference
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Table 1 Subgroups of oligometastatic disease in prostate cancer

De novo synchronous disease—patients present with limited lesions at the same time as the primary cancer. Hormone sensitive
Metachronous/oligorecurrent disease—patients present following treatment of the primary cancer with limited lesions, when the primary
disease remains controlled. Usually hormone sensitive, may have commenced hormonal treatment in the case of biochemical failure and
become castrate resistant, but remain oligorecurrent
Oligoprogressive disease—progression of a limited number of metastatic lesions, on a background of well-controlled disease, whilst on
systemic treatment. Patients may have, or have had, polymetastatic disease. Evidence for SBRT is lacking in this group (13). Usually
hormone resistant

(APCCC) 2019 believing such a clinical picture exists (2).
The ‘oligometastatic state’ was first defined in 1995
by Hellman and Weichselbaum (3). This was described
as an intermediate state that exists along a continuum
between localised and widespread metastatic disease, where
full polymetastatic potential has not yet been reached.
We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/apm-20-1215).
Defining oligometastatic disease
Despite increasing acknowledgement of this oligometastatic
state in prostate cancer, as evidenced by the growing
number of studies in this area, there remains no consensus
on its definition (2,4). Frequently the definition relies on the
number of macroscopic metastases identified; varying from
1–10 in the literature (5-8) and can be defined on an array
of different imaging techniques with their own spectrum
of sensitivities. A limited number of lesions, usually
≤3–5, localised to no more than three organs is widely
considered as an acceptable definition for oligometastatic
disease (9). Size and location of the metastasis can reflect
the underlying disease biology and can be pivotal in
determining appropriate technique for metastasis-directed
therapy (MDT). For example, some studies exclude visceral
metastases as they are rarer in prostate cancer, associated
with a poorer prognosis, and at risk of higher toxicity with
MDT (10).
Patients with oligometastatic disease can be categorised
into three distinct groups; de novo synchronous, metachronous
or oligorecurrent disease and oligoprogressive disease (11,12)
(Table 1).
Metachronous oligometastases, or oligorecurrence,
occur in prostate cancer patients at least 3–6 months after
completing treatment with curative intent. The delay in
presentation in itself defines a relatively good prognosis
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patient cohort, compared to de-novo metastatic disease.
Typically, such cancers have an indolent course associated
with an appreciable 5-year survival even without aggressive
local therapies (14,15). Improvements in surveillance with
high sensitivity prostate-specific antigen (PSA), imaging
and patient engagement has improved early detection of
oligorecurrent disease, amenable to targeted therapies.
Synchronous oligometastases constitute a smaller
group of men, and exhibit a more aggressive phenotype, as
evidenced by a worse prognosis (16). This is perhaps not
surprising as the presence of the primary cancer may act
as an active source for ongoing metastatic seeding as well
as tumour self-seeding (17). This may also be partly due to
underestimation of disease at diagnosis with conventional
imaging, thus in reality the existence of a more widespread
disease in some patients.
The management of oligometastatic disease in prostate
cancer is undergoing rapid evolution and, in this article, we
describe the current imaging and management strategies
for this group of diseases and provide a critical appraisal
of the evidence supporting the use of stereotactic body
radiotherapy (SBRT).
Selecting patients for ablative treatment
Genetic biomarkers
Our understanding of the complex processes that occur at a
molecular level during progression from localised tumour to
polymetastatic disease in any cancer remains limited. There
are two schools of thought. Analysis of micro-RNA (mRNA)
levels in samples from both oligo- and polymetastatic
patients demonstrate differential mRNA expression profiles
indicating that the two are separate diseases biologically
and arise from different tumour clones. Interestingly, an
upregulation of many mRNAs with tumour suppressive
functions were seen in the oligometastatic samples (18,19).
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An alternative theory is that the oligometastatic state lends
itself to ‘self-seed’ further metastases to other sites within
the body and thus eventually leading to a polymetastatic
state (20).
MicroRNAs, and other molecular markers, play an
important role in metastatic disease progression. Identifying
and understanding their potential diagnostic and/or prognostic
role, although fraught with challenges, may revolutionise the
way we manage this group of cancers (21,22).
Radiological staging
The current choice of imaging modality for identifying
an oligometastatic state in prostate cancer is not yet
standardised. Conventional imaging techniques, which
include computed tomography (CT), magnetic resonance
imaging (MRI) and 99m-technetium methylene
diphosphonate ( 99m Tc-MDP) bone scintigraphy, have
limitations and frequently underestimate the extent of
disease in prostate cancer (23), despite being recommended
in standard guidelines (24).
As most lymph node metastases do not meet the
RECIST size criteria, the sensitivity of CT and MRI for
correctly identifying lymph node disease is low (25,26).
Bone scans have a reported ‘true’ sensitivity of around 65%
for identifying skeletal metastases, when using PET-CT and
WB-MRI imaging as comparators (27,28). At the APCCC
2019, 79% of panelists voted that standard imaging was
insufficient to define an oligometastatic disease state (2) and
it is likely that PSMA-PET scans will be recommended for
primary staging in the near future.
The precision of an imaging modality is dependent
on what it is measured against. When there is no
recognised gold standard with which we can compare it
to and histological correlation is not possible, there will
be uncertainty about the ‘true’ accuracy of said imaging
technique.
The development of functional and molecular imaging
with novel PET radiotracers, some of which target the
cancer cells directly, offer a more sensitive approach for the
identification of oligometastatic disease especially when
combined with anatomical imaging, i.e., a CT or MRI (29).
These are outlined in Table 2. Although 18F-FDG-PET is
used in many cancers, it has very little value in the staging of
prostate cancer due to the low glycolytic activity of prostate
cancer cells (53). Choline PET scans however, are useful in
evaluating disease recurrence with a reported sensitivity and
specificity of greater than 85% (54), although the sensitivity
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falls considerably in patients with a low PSA value (49). Its
strength lies in the detection of metastatic bony lesions, as
it is prone to false positives when assessing lymph nodes.
18-F fluciclovine (Axumin), approved by the FDA in 2016,
has become increasingly popular for the detection of recurrence
following radical treatment (55). It can detect both bony and
soft tissue disease with detection rates increasing with rising
PSA values; one study demonstrated a 100% negative predictive
value with a PSA value of greater than 1.05 ng/mL (56).
Thus far, PSMA PET-CT stands out as the most useful
imaging technique overall, even at low PSA levels (57).
One study reported a 54% detection rate of oligometastatic
disease on PSMA PET scans in a group of patients who had
negative conventional imaging despite rising PSA levels
(<1.0 ng/mL) following radical prostatectomy (58). PSMA
PET scans are increasingly playing a role in detecting
disease when there is biochemical relapse following radical
treatment of the primary cancer, and its use in this setting
has been recommended in international guidelines (2,24).
Whole body-MRI (WB-MRI) with the addition of
diffusion weight imaging has a lower reported accuracy
compared to PSMA PET-CT in the identification of bone
metastases and lymph nodes (48). Although, when compared
to PSMA PET-CT in the setting of biochemical relapse,
WB-MRI is inferior (48) it may be of benefit in assessing
response and identifying oligoprogressing lesions (59).
The evidence supporting the use of WB-MRI is in its
infancy but appears promising.
Current standard of care (SOC)
Systemic therapies
For patients who present with newly diagnosed hormone
sensitive metastatic prostate cancer (mHSPC), the mainstay
of treatment is androgen deprivation therapy (ADT) which
is continued lifelong (60). In recent years, large phase 3
randomised trials have demonstrated the survival benefit of
adding upfront systemic therapy to ADT.
The phase III study CHAARTED reported an overall
survival (OS) benefit in men with mHSPC with the
addition of 6 cycles of docetaxel to SOC ADT at the start
of their treatment. The median survival with combination
treatment increased significantly; survival in the ADT
alone group was 44 months compared to 57.6 months in
the ADT and docetaxel group (HR 0.61, 95% CI, 0.47–
0.8, P<0.001). This trial demonstrated an OS benefit in
patients with high volume disease (51.2 versus 34.4 months
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Table 2 Imaging modalities available and utilised in metastatic prostate cancer (30-33)
Imaging modality

Target

Key points

How accurate in identifying disease?

CT

Nil

Poor at lymph node (LN) and bone assessment

Sensitivity <40% for LNs (26,34)
Sensitivity 73%, specificity 95% for bone
metastases (35)

Multiparametric-MRI

Nil

Main role is in staging the primary cancer

Sensitivity: 25–36% for LNs (25,34)

Poor at assessing lymph nodes
Not indicated for bone or visceral disease staging
Bone scan

Osteoblastic Only used for assessing bony metastatic disease
activity,
bone
Additional imaging is needed for identifying soft
turnover
tissue disease

Sensitivity and specificity >65% in
polymetastatic disease when PSA >50 (36,37)
Diagnostic accuracy falls in asymptomatic
patients, lower PSA levels, and oligometastatic
disease. Sensitivity ranges between
2.3–16.2% (38)

Large number of inconclusive results
Early metastases to the bone may not show tracer
uptake, therefore not reliable for patients with
oligometastatic disease (29)
NaF PET

Osteoblastic
activity,
bone
perfusion
and
turnover

Superior sensitivity to bone scan for identifying
osteoblastic bone metastases

Sensitivity 88.6–92%, specificity 79.9–83%
(37,39)

Tracer accumulation in inflammatory and
degenerative bone diseases can occur
Does not provide soft tissue information therefore
additional axial imaging (CT or MRI) is required
NCCN guidelines allow the use of NaF-PET in
staging. EAU guidelines do not recommend its
use due to its lack of specificity (40)

Leucine
Fluciclovine (18F) PET
(also known as Axumin amino acids,
PET)
marker
of cell
membrane
turnover

For use in the setting of recurrent prostate cancer Sensitivity of 87% and specificity of 66% (41)
only
Reported to be as good as 11C-choline PET (42)

Detection rates of 72%, 83.3% and 100% at
PSA levels <1, between 1–2, ≥2 ng/mL (43)

Detection rates are dependent on PSA level

Sensitivity of 2–41% in PSA <1 ng/mL

Identifies bony and soft tissue disease
Cell
Choline PET:
18
F-fluoromethylcholine membrane
or carbon 11C-choline protein,
marker
of cell
membrane
metabolism

Can be used to identify both bony and soft-tissue Low sensitivity (49.2–62%) but high specificity
metastases
(92–95%) for LN staging in primary cancer (44,45)
Higher reliability than a bone scan at detecting
bone disease at an earlier stage

Sensitivity 91% and specificity 99% for bone
metastases (36)

Limited sensitivity in liver metastases due to high
tracer uptake in normal liver tissue

Sensitivity and specificity 89% for local
relapse (46)

Reduced sensitivity in low PSA levels and in
oligometastatic disease

Sensitivity 7–44% in patients with PSA
<1 ng/mL

False positives not uncommon, e.g., reactive LNs
Short half-life therefore requires a cyclotron onsite
Table 2 (continued)
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Table 2 (continued)
Imaging modality

Target

Key points

How accurate in identifying disease?

68

PSMA
protein,
found in
prostate
cancer cells

Superior detection rates compared to other PET
tracers for bone, LN and visceral metastatic
disease

Sensitivity 78% and specificity 97% for LNs
(compared to positive LNs found on salvage
lymph node dissection) (47)

High specificity for prostate cancer as PSMA
protein upregulated in prostate cancer cells

Minimal data in literature for bony disease as
gold standard does not exist

Ga-PSMA PETCT prostate-specific
membrane antigen

However 5% of patients have low PSMA
expression and thus have false negative scans (48)
Able to identify smaller lesions at lower PSA
values and therefore ideal for oligometastatic
disease (49)
WB-MRI + diffusion
weighted images

Nil

Does not require intravenous contrast injection

Sensitivity and specificity >98% combine for all
sites (18F choline PET used as comparator) (50)

Provides tumour cellularity and tumour cell kill
information

Similarly, no gold standard to verify the true
presence of metastases, especially bone
disease, and thus, difficult to quantify sensitivity
and specificity

Outperforms conventional imaging in primary
staging (50)
One study showed poorer diagnostic accuracy
when compared with PSMA-PET in biochemical
recurrence with a low PSA (48)
Not widely utilised at present. There is increasing
evidence to support its use in assessing disease
response especially in bony metastases (51,52)
CT, computed tomography; EAU, European Association of Urology; LN, lymph node; MRI, magnetic resonance imaging; NaF, sodium
fluoride; NCCN, National Comprehensive Cancer Network; PSA, prostate-specific antigen test; PSMA, prostate-specific membrane
antigen; PET, positron emission tomography; WB-MRI, whole-body magnetic resonance imaging.

for ADT alone, P<0.001), but not in the low volume
group. High volume disease was defined as the presence
of visceral metastases or ≥4 bony metastases (with ≥1 bony
metastasis outside the spine or pelvis) (61,62). Analysis of
the STAMPEDE trial’s Arm C data also reported an OS
benefit of 10 months in the ADT and docetaxel arm (HR
0.78, 95% CI, 0.66–0.93, P=0.006) (63) but contrariwise,
this beneficial effect was seen for all patients, irrespective
of disease volume. So, after these publications, the
consensus amongst most clinicians, was to offer patients
with de novo synchronous oligometastatic prostate cancer
(OMPC) early docetaxel alongside ADT regardless of
volume of disease (2).
Amongst the mHSPC population, there are two groups;
those who present with de novo synchronous metastases, and
those who present with metachronous metastases following
prior radical treatment to the primary. Published data
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suggests that those who relapse following prior treatment
have better outcomes and therefore benefit less from
docetaxel than those with de novo metastatic disease (16).
There is also level 1 evidence that novel androgen receptor
targeted therapy also improves OS in newly diagnosed
metastatic disease; abiraterone in STAMPEDE (64)
and LATITUDE (65), enzalutamide in ENZAMET (66)
and apalutamide in TITAN (67). The final analysis of the
LATITUDE study demonstrated a significant improvement
in OS with the addition of abiraterone and prednisone
with ADT (53.3 versus 36.5 months, HR: 0.66, 95% CI,
0.56–0.78; P<0.0001). Within STAMPEDE, patients who
received abiraterone and prednisolone with ADT showed
a significantly improved OS (HR 0.66, 95% CI, 0.44–0.98)
and failure free survival (FFS). A post-hoc analysis of the data
from the STAMPEDE patients, disease showed a similar
benefit regardless of disease volume (68).
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Treatment of the primary cancer: what is the evidence?
Patients who present with low volume de novo synchronous
metastatic disease are offered, in addition to ADT and
systemic treatment, treatment with radiotherapy to the
primary prostate cancer. A number of retrospective trials
suggested benefit, but practice did not change until the
results of the Phase III STAMPEDE trial (69).
The HORRAD trial, a multicentre randomised study,
investigated the impact of adding radiotherapy to the
primary cancer in addition to ADT for newly diagnosed
mHSPC patients (70); 432 patients were randomised to
either ADT alone or ADT and radiotherapy to the primary
with a dose of 70 Gy in 35 fractions over 7 weeks or
57.76 Gy in 19 fractions over 6 weeks. This study failed
to show a survival benefit in the radiotherapy group, but it
was noted that a high proportion of the study patients had
a high burden of disease. An unplanned subgroup analysis
demonstrated an OS benefit in patients with a lower burden
of disease. The STAMPEDE trial investigated the same
question but before analysing the data, in response to the
HORRAD results, planned a subgroup analysis of low
volume versus high volume disease (69). Local prostate
radiotherapy with a dose of 55 Gy in 20 fractions over
4 weeks or 36 Gy in 6 fractions over 6 weeks in combination
with standard treatment was compared to SOC alone (ADT
+/− early docetaxel). An improvement in FFS (HR 0.76,
95% CI, 0.68–0.84) was seen but there was no significant
benefit in OS or progression free survival (PFS) in the
radiotherapy group. Analysis of pre-defined subgroups, as
per the CHAARTED trial high volume versus low volume
criteria, demonstrated a significant improvement in OS
and FFS in the men with low volume disease who received
radiotherapy whereas those with a high disease burden did
not benefit.
The data from the two studies were pooled into a metaanalysis, STOPCAP, and a 7% improvement in 3-year
survival in men with less than 5 bone metastases was
reported (71). A low volume of disease is both prognostic
and predictive for the benefit of radiotherapy (72)
and therefore radiotherapy to the primary plays an
important role in the management of de novo synchronous
oligometastatic setting.
MDT in oligometastatic disease
The concept of treating a limited number of metastases
with MDT has been recognised in other tumours and is
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associated with long-term control, improvement in survival
and in some cases, cure (73-75). MDTs can take a variety
of forms; radiofrequency ablation (RFA), cryotherapy,
surgery and SBRT, and is given with the intent of ablating
the lesion. Surgery has a role to play in OMPC, specifically
salvage lymphadenectomy but aside from this, most of
the evidence, and therefore the justification, for treating
prostate cancer oligometastases is with the use of SBRT.
In addition, SBRT has many advantages over surgery and
other invasive ablative modalities, including lack of need for
an anaesthetic, more lesions accessible to SBRT, less side
effects and potentially more cost effective too.
T h e o r e t i c a l l y M D T, u s i n g S B RT t o a b l a t e a l l
macroscopic disease, will not only achieve local control
but will, like treating the primary cancer in low-volume
oligometastatic disease, have a similar effect on the disease’s
natural history; delaying progression and the development
of castrate resistant cancer, postponing the need for
systemic therapy (and avoiding the associated side effects),
and potentially providing long-term disease-free survival.
Radiobiology
Stereotactic radiotherapy is a method of extreme hypofractionation with external beam radiotherapy (EBRT), in
which an ablative radiotherapy dose is delivered with high
precision over a maximum of 8 fractions, such that the doseper-fraction is greater than 5 Gy.
The alpha/beta (α/β) ratio, derived from the linearquadratic equation, describes the sensitivity of tissue to
radiation fraction size (76). The α/β ratio of prostate
adenocarcinoma, as estimated by hypofractionation
trials, is between 1.2–2.7 Gy, whereas early (acute) and
late normal tissue reactions have α/β ratios, of 10 Gy and
3–5 Gy respectively (77,78). This difference, particularly
appreciable in prostate cancer, can be exploited to optimise
the ratio between tumour control probability and normal
tissue complication probability. Whether our understanding
of radiobiology learned from EBRT is directly transferrable
to SBRT is unclear. There is potentially some novel
cell kill mechanisms, pertaining specifically to extreme
hypofractionation treatments, such as tumour vascular
disruption or increased anti-tumour immune reactivity (79).
In prostate cancer studies, a variety of dose-fractionation
schedules have been used with biological equivalent doses
(BED) ranging from 61 to 495; details of selected studies
reported in this paper are given in Table 3. Higher BED is
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Table 3 Variability in radiotherapy schedules and trial methodology of selected published trials
Trial (n=number of patients
enrolled)

Total dose/number of
fractions

BED (Gy) (α/β =1.5
Median F/U Primary endpoint
used)

Number of metastatic
lesions allowed

SABR-COMET (80), n=99
(various histologies including
16 PsC), RCT

30–60 Gy in 3–8#;
16–24 Gy in 1# (bone/
brain)

Range, up to 340

24 months

OS

≤5 (95% had ≤4)

STOMP (81), n=61, RCT

30 Gy in 3#

230

3 years

ADT free survival

≤3

ORIOLE (82), n=54, RCT

Range, 19.5–48 Gy in
3–5#. Range depending
on size/location

Range, 61 (19.5 Gy 18.8 months 6-month composite
≤3
in 3#; rib) to 240
endpoint: PSA
(48 Gy in 4#; bone)
increase, symptomatic
PD, PD on
conventional imaging,
ADT initiation for any
reason

POPSTAR (83), n=33,
prospective single arm

20 Gy in 1#

286.7

Decaestecker et al. (84), n=50,
prospective single arm
Bouman-Wammes et al. (85),
n=43, prospective single arm

2 years

Safety and feasibility

≤3

30 Gy in 3#; 50 Gy in 10# 230; 216.7

2 years

ADT free survival

≤3

30 Gy in 3#; 35 Gy in 7#; 230; 151.7; 495
45 Gy in 3#

2.6 years

ADT free survival

≤5

ADT, androgen deprivation therapy; BED, biologically equivalent dose; F/U, follow-up; OS, overall survival; PD, progressive disease; RCT,
randomised controlled trial; #, fractions of radiotherapy; PsC, prostate cancer.

associated with a higher rate of local control, and several cutoffs
have been suggested to ensure tumour ablation for prostate
cancer: BED >100 (86), BED >108 (87), and BED >200 (88).
Dose is prescribed to the 50-80% isodose, ensuring
good coverage of the PTV and sharp dose fall away in
normal tissues (Figure 1). Reproducibility and accuracy
are essential and require modern immobilisation and daily
online imaging for verification. Margins depend on the site
of disease and an institution’s particular set-up error but are
generally 2–5 mm. Treatments are typically delivered >48 and
<96 h apart to minimise toxicity, although some institutions
treat daily. Given the high BED delivered, some metastases
are not suitable for treatment with SBRT; metastases abutting
critical structure such as the spinal cord, those located in the
“no fly zone” in the pulmonary hilar region, or large tumours
where organs at risk prevent adequate dose distribution. In
those situations, other MDT techniques such as conventional
fractionated radiotherapy, surgery, RFA, microwave ablation or
cryotherapy should be considered.
Use of SBRT in oligometastatic disease
A multi-national survey of over 1,000 oncologists reported
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that over 60% of responders recommended SBRT for
oligometastases and two-thirds planned to increase this
practice (90). This doctor “belief”, alongside the appeal
of delaying systemic therapy, and the improved access and
availability of techniques has led to increasing worldwide
SBRT use. However, some argue that standard practise is
overtaking the current level of evidence, with reliance on
small studies which are vulnerable to bias and have poor
controls and inadequate endpoints. The attempts to ablate
all sites of disease in metastatic prostate cancer as they arise
has been likened to the futility of catching all Pokemon (91),
although this was rebutted (92).
Early data
Early data mainly consists of small single-arm case
series. The heterogeneous dose/fractionation schedules,
inconsistent use of ADT, widespread dependence on
conventional imaging and short follow-up complicate
interpretation. This notwithstanding, a systematic review
of 661 patients reported median PFS and ADT-free survival
of between 1–3 years, excellent local control of 100% for
tumours receiving a BED >108 Gy (α/β =3), and importantly,
only 1 patient reported grade 3 acute toxicity (87).
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Figure 1 Two SBRT plans for patients with oligoprogressing
metastatic lesions treated with 30 Gy in 5 fractions (BED of
150 Gy, α/β of 1.5) at our institution. Both patients are enrolled in
the TRAP trial (NCT 03644303). The axial slice through the chest
(top image) demonstrates a rib lesion being treated; the pink line
displays the planning target volume (PTV) and the green line is the
internal target volume (ITV), contoured on 4D CT, to account for
respiratory motion. The axial image through the pelvis (bottom
image) demonstrates a sacral lesion being treated; here, the pink
line is the PTV and the red line is the gross tumour volume (GTV).
Note the 2019 sacral consensus contouring guidelines (89) are not
followed here, as total ablation of all disease is not the objective in
oligoprogressive disease. There is tight conformity of the prescription
dose to the PTV with a rapid dose fall off, minimising dose to
surrounding tissues. The orange arrow indicating beam entry.

Data supporting SBRT in metachronous
oligometastatic disease
Accordant results were achieved in the POPSTAR trial,
which evaluated the role of SBRT (20 Gy in 1 fraction) to
up to 3 bone-only (n=20), node-only (n=12) or both (n=1)
oligometastases (83). Local control was again superb, 2-year
local PFS of 93% (95% CI, 84–100%), and although 67%
suffered grade 1–2 side effects, grade 3 reactions were
limited to 1 patient (vertebral fracture requiring spinal
instrumentation). Distant progression was common [2-year
distant PFS 39% (95% CI, 25–60%)] but biased by whether
patients were already on ADT (n=11); if not, 2-year freedom
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from ADT was 48%. A quarter of relapses were amenable
to salvage SBRT. Interestingly, three quarters of patients
recurring following SBRT to bone-only disease reoccurred
in bone, whilst irradiated nodal disease re-occurred only
in other nodes. This predilection for recurrence locations
manifests the interaction between cancer biology and
its microenvironment, a concept described as seed and
soil (93). A recent retrospective study of prophylactic nodal
treatment found that elective nodal radiotherapy +/− boost,
reduces nodal recurrences compared to SBRT (P<0.001),
and for patients with a single node this led to a significantly
longer metastases-free survival (P=0.009; HR 0.5, 95% CI,
0.3–0.85) (94). The current phase II STORM trial (NCT
03569241) (95), is comparing the addition of whole pelvic
radiotherapy to SBRT in patients with pelvic nodal disease
(see Table 4).
The first randomised phase II trial of SBRT for
oligometastases was the STOMP trial, published in
December 2017 (81). Over 3 years, this study enrolled 62
patients with a maximum of 3 asymptomatic extracranial
choline-PET/CT avid oligometastases. Randomisation
between PSA surveillance and MDT, either surgery (n=6)
or SBRT (n=25), was stratified by PSA doubling time
(≤3 versus >3 months) and location of metastases (nodal
versus non-nodal).
The primary endpoint was ADT-free survival, but
the authors minimised its subjectivity by providing clear
indications for ADT: symptomatic progression, progression
to more than 3 metastases, or local progression of known
metastases. Repeat MDT was permitted if there were
three or fewer new metastases (n=13). SBRT was very well
tolerated; 17% of patients reported Grade 1 acute side
effects and there was no grade 2 or higher toxicity.
After a median follow-up of 3 years, ADT-free survival
was 13 months in the surveillance arm versus 21 months
following MDT; HR 0.6 (80% CI, 0.40–0.9), log-rank
P=0.11. Double the number of people in the surveillance
arm had to start ADT (12 versus 6). No patient receiving
MDT suffer ed symptomatic pr ogr ession o r l o c a l
progression, suggesting effective local control. The risk of
polymetastatic disease was similar in both arms.
One point of controversy is whether to use SBRT as a
method of delaying ADT (as done in STOMP) or to add
ADT to SBRT in men who, for the most part, will be on
continuous androgen suppression for life thereafter. In a purely
palliative setting, delaying ADT and avoiding side-effects is
hugely attractive, echoing the principle “first do no harm”.
Conversely, the TOAD trial showed benefit to immediate
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Table 4 Selected trials in metachronous and synchronous metastases (prostate only trials except where noted in the first column)
Trial

Study comparison + primary endpoint

Key criteria

CORE (96), phase II
RCT, UK/Australia, NCT
02759783, Recruitment
complete, n=245, prostate,
lung or breast cancer

(1:1) SOC versus SOC + SBRT. SOC is at the discretion
of the local oncologist. SBRT dose/fractionation
dependent on metastatic site and proximity to normal
tissues. Primary endpoint: PFS

≤3 extracranial metachronous oligometastatic
lesions. A maximum of 2 different organs may
contain metastases (can include visceral disease).
Hormone resistant prostate cancer included. PET
or WBDWMRI preferred but not mandated

SABR-COMET 3 (97), phase
III RCT, Canada/UK, NCT
03862911, Recruitment
started Nov 2019, aim:
n=297, various tumour
types

(1:2) SOC versus SOC + SBRT. SOC = hormones +/or
chemotherapy +/or palliative radiotherapy (8 Gy in 1#,
20 Gy in 5#, 30 Gy in 10#) at discretion of oncologist.
SBRT = recommended schedules provided depending
on site and size of metastases. Primary endpoint: OS

≤3 metachronous oligometastatic lesions.
Maximum size 6 cm (unless in bone and can
be safely treated) or 3 cm/30 cc in brain.
Randomisation stratified by: A) Histology: Group
1: prostate, breast or renal; Group 2: others. B)
Disease-free interval: ≤2 years versus >2 years.
Biopsy of metastases preferred; must include
PET-CT or NM bone scan

SABR-COMET 10 (98),
phase II, Canada, NCT
03721341, Recruitment
started February 2019,
aim: n=159, various tumour
types

(1:2) SOC versus SOC + SBRT. SOC = chemotherapy,
immunotherapy, hormones, radiotherapy or observation
at discretion of oncologist. Palliative radiotherapy
doses include: 8 Gy in 1#, 20 Gy in 5#, 30 Gy in 10#.
SBRT = recommended schedules 20Gy in 1#; 30 Gy
in 3# (every 2 days), or 35 Gy in 5# (daily). Primary
endpoint: OS (timeframe 6 years)

4–10 metachronous oligometastatic lesions:
size <5 cm (or <3 cm/30 cc in brain). Excludes
metastases in GI tract, mesenteric LN or skin.
Randomisation will be stratified by histology: Group
1: prostate, breast or renal; Group 2: others. Also
stratified by type of pre-specified systemic therapy:
immunotherapy/targeted versus cytotoxic versus
observation. Biopsy of metastases preferred.
Diagnostic imaging not specified

STORM (95), phase II,
multi-international, NCT
03569241, recruitment
started April 2018,
aim: n=178, estimated
completion: 2023

(1:1) MDT (sLND or SBRT) versus MDT + whole pelvic
radiotherapy. 6 months of ADT is given in BOTH arms.
Primary endpoint: metastases-free survival (time frame
2 years)

≤3 lymph nodes in pelvis; superior limit at level
of aortic bifurcation. Diagnostic imaging must
include PSMA or FACBC PET-CT. Excludes local
relapse in prostate gland/bed not suitable for
curative treatment

ARTO (99), phase II, Italy,
NCT 03449719, recruitment
started May 2018,
aim: n=174, estimated
completion: 2022

(1:1) ADT + abiraterone + prednisolone versus SBRT
+ ADT + abiraterone + prednisolone. SBRT = dose/
fractionation depend on size and location of lesions,
and normal tissue constraints. BED >100 Gy (α/β=3) is
recommended. Primary endpoint: rate of PSA response

≤3 nodal and/or bone oligometastatic lesions.
Only patients with hormone resistant prostate
cancer are enrolled. Visceral lesions are excluded.
Patients to start on abiraterone/prednisolone for
30 days prior to RT

PRESTO (100), phase III
RCT, France GETUG-AFU,
NCT 04115007, recruitment
started Dec 2019,
aim: n=350, estimated
completion: 2027

(1:1) SOC versus SOC + SBRT. SOC = RT to primary
cancer (in de novo setting) + ADT. Abiraterone or
docetaxel following tumour board meeting. SBRT
=30 Gy in 3#. Primary Endpoint: castration resistant
prostate cancer free survival

≤5 synchronous or metachronous oligometastatic
lesions; including at least 1 bone metastasis
(i.e., stage M1). Excludes visceral metastases.
Requires functional imaging (F- or C-choline PETCT or PSMA PET-CT or whole-body MRI)

PLATON trial (101), phase
III, Canada, NCT 03784755,
recruitment started
April 2019, aim, n=410,
estimated completion: 2025

(1:1) SOC versus SOC + SBRT. Zoladex in both arms.
SOC = systemic therapy at discretion of oncologist +
ablative therapy to untreated prostate cancer. SBRT
= dose/fractionation not specified. Primary endpoint:
failure-free survival (time from randomisation to first
occurrence, within 6-year timeframe)

≤5 metachronous or synchronous metastases.
≤3 metastases in any non-bone organ system.
Imaging must include CT- or MRI-chest/abdomen/
pelvis, and NM bone scan

Metachronous metastases
only

Metachronous and
synchronous metastases

Table 4 (continued)
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Table 4 (continued)
Trial

Study comparison + primary endpoint

Key criteria

Veterans trial (102), phase
II, United States, NCT
03298087, recruitment
started July 2018,
aim: n=28, estimated
completion: 2023

Single arm. Radical prostatectomy +/− post op RT
for pT3a, pN1 or +ve margins, MDT with SBRT,
enhanced ADT (LHRHa leuprolide + abiraterone +
apalutamide) for 6 months. Primary endpoint: % of
patients achieving PSA <0.05 ng/mL, 6 months post
testosterone recovery

≤5 de novo synchronous oligometastases.
Patients with visceral metastases are excluded.
Required imaging with NaF or PSMA PET-CT and
a CT CAP

TED trial (103), phase
II, United States, NCT
02716974, recruitment
started June 2016, aim:
n=26, estimate completion:
2022

Single arm. Neoadjuvant LHRHa + up to 6 cycles of
docetaxel. If PSA falls ≥50% from baseline, RP +/−
adjuvant RT then consolidation SBRT to metastases.
Total androgen deprivation for 1 year. Primary endpoint:
2-year PSA progression free (<0.2 ng/mL) survival in
men with non-castrate testosterone levels

≤5 de novo synchronous oligometastases.
Patients with visceral disease excluded. Imaging
accepted: bone scan, contrast enhanced CT CAP
or PET scan

Synchronous metastases
only

ADT, androgen deprivation therapy; CT CAP, computerised tomography chest, abdomen and pelvis; LN, lymph nodes; NaF, sodium
fluoride; NSCLC, non-small cell lung cancer; OS, overall survival; PET, Positron Emission Tomography; PFS, progression free survival;
PSMA, prostate specific membrane antigen; RP, radical prostatectomy; RT, radiotherapy; RCT, randomised controlled trial; SOC, standard
of care; SBRT, stereotactic body radiotherapy; sLND, salvage lymph node dissection; WBDWMRI, whole-body diffusion-weighted
magnetic resonance imaging; #, fractions of radiotherapy.

ADT with a HR 0.55 (95% CI, 0.3–1.0; P=0.05) (104)
in a largely PSA-only relapsed population. However, over
80% of patients had side effects on ADT that affected their
quality of life scores. Furthermore, the results have not been
replicated (105): the EORTC 30891 demonstrated no change
in prostate cancer mortality with immediate ADT (106),
and other retrospective data has shown significant benefit
only in a subgroup of high risk patients with Gleason 7 or
a PSA doubling time of less than 12 months but not in the
overall group (107). Currently, both immediate and delayed
ADT options are included in the EAU-ESTRO-SIGO
guidelines on metastatic prostate cancer (108). Intermittent
ADT is an alternative to continuous ADT, with promising
toxicity and QOL outcomes. However, direct comparisons
between intermittent and continuous ADT have found
clinically important survival differences (109,110), and
importantly the SWOG trial failed to demonstrate noninferiority. Continuous ADT is therefore recommended
except for well-informed, motivated patients who are
troubled by side effects, have a reliable PSA response, and
undergo increased surveillance.
There is robust evidence that ADT, in combination with
primary radiotherapy, or salvage prostate bed radiotherapy,
improves survival (111-114). Whilst there is no high
quality evidence to answer this question with MDT, data
from a pan-European cohort suggested there may be an
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improvement in PFS if ADT is combined with SBRT
(18 versus 25 months, P=0.09) (86). Similarly, a recent
single-centre, retrospective study of SBRT with either
immediate versus delayed ADT, as chosen by patients (n=88),
demonstrated a PFS benefit for immediate ADT (26 versus
16 months, P<0.007) (115). Interestingly, the 2019 APCCC,
of which 26% are radiation specialists, reported an expert
consensus that combination ADT and MDT was needed
for oligometastatic disease, and the majority of ongoing
trials are including concurrent ADT (see Table 4). Questions
remain; does concurrent ADT with MDT improve survival
in the oligometastatic setting? If so, how long should it
be continued, and should other systemic therapies also be
considered?
The recently published phase II multicentre randomised
trial, ORIOLE, confirms the safety, deliverability and
benefit, in terms of delaying ADT, that was shown in
STOMP (82). In ORIOLE 54 patients with up to 3
metastases detectable by CT, MRI and/or radionuclide bone
scan were randomised 2:1 to either SBRT or observation.
The primary endpoint was a composite of outcomes at
6 months including, unlike STOMP, PSA level (increase 25%
above the nadir and at least 2 ng/dL) and ADT initiation for
any reason, as well as symptomatic progression, progression
on conventional imaging and death.
Patients in the observation arm were more likely to
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progress than those receiving SBRT; 61% versus 19%,
P=0.005. Unlike STOMP, patients undergoing SBRT
underwent PSMA PET at baseline and on day 180, however
the baseline scans were not used to select for, or plan
SBRT. Thus, 16 of the 36 participants receiving SBRT had
baseline PSMA PET-avid lesions that were not included
in the treatment fields. In subgroup analysis this led to
a significant difference in the primary endpoint: 6 of 16
patients partially treated had progressed compared to only
1 of 19 patients that had all PSMA-identified lesion treated
(P=0.03). This highlights the need for sensitive imaging.
To investigate the interaction between MDT and the
immune system, ORIOLE sampled peripheral blood at
baseline and day 90; sequencing T-cell receptor clonotypes
and performing DNA CAPPSeq (cancer personalised
profiling by deep sequencing). Whilst no clusters of T cells
were reported at baseline, after SBRT 3 patients had an
expanded T-cell receptor cluster; which the authors noted
may be an immune response to increased cancer-antigen
production. Based on ctDNA only those without high
risk mutations had a significant PFS benefit with SBRT.
However, the lack of biopsy to match the ctDNA mutations
with prostate tumour, and the small numbers involved mean
the results are just the first explorative hint of how the
baseline immune phenotype and tumour mutation signature
may predict clinical response to SBRT.
The strongest evidence of the impact of SBRT on OS
is provided by the multi-national phase II trial, SABRCOMET (116). It included 99 patients with various
cancers, of which only 16 had prostate cancer. Patients were
randomly assigned (1:2) SOC or SOC plus SBRT to up to
5 metastatic lesions, stratified for those with either 1–3, or
4–5 metastases. There was a 10% excess of patients with
solitary metastases in the SBRT group (46% versus 36%),
whereas only 7 people overall had 4–5 metastases. Primary
cancer was not stratified for, and 14 of the 16 prostate
cancer patients were randomised to receive SBRT. Less
than 50% of patients in each arm underwent a CT-PET
scan before enrolment.
After a median follow-up of 25 months, the median
OS was increased by 13 months in the SBRT group; 28
versus 41 months (HR 0.57, 95% CI, 0.3–1.0; P=0.026)
and there was a doubling of median PFS from 6 to
12 months (HR 0.47, 95% CI, 0.3–0.76, P=0.0012).
Local control with SBRT was 75% compared to 49% in
the control group (P=0.001). 12% received repeat SBRT
on disease progression. There were 3 treatment-related
deaths (4.5% treatment-related mortality), including
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radiation pneumonitis (n=1), pulmonary abscess (n=1),
and postoperative subdural haemorrhage following repair
of an SBRT-related perforated gastric ulcer (n=1). The
deaths highlight the need to consider how the tumour
location affects the risk/benefit profile of SBRT in our often
vulnerable patient cohorts. A contemporary prospective
cohort with similar populations, interventions and analysis
to SABR-COMET, has shown consistent results, with a
median OS of 42 months, local control at 1 year of 91%,
and no effect on quality of life (80).
Having reviewed the evidence for clinical effectiveness
and safety of SBRT for oligometastatic disease the
NHS now commissions SBRT treatment for up to 3
metachronous oligometastatic lesions.
Data in synchronous oligometastatic disease
Patients who are diagnosed with de novo synchronous
oligometastatic will be offered ADT, systemic treatment
(docetaxel, abiraterone, enzalutamide or apalutamide are
all options) and radiotherapy to the primary cancer. This
group of patients have a better prognosis than those who
present with polymetastatic disease but a worse prognosis
than those with metachronous metastases (16,117).
In the majority of studies exploring MDT with SBRT
for OMPC, the proportion of enrolled patients who have
synchronous oligometastases is very low. Studies in patients
with only synchronous metastatic disease are sparse (118-120).
Despite the lack of any prospective data, over half the
panelists at the 2019 APCCC conference indicated that
in de novo synchronous OMPC patients, they would treat
low volume metastatic disease with focal ablative treatment
alongside treatment for the primary cancer (2).
O’Shaughnessy et al. demonstrated the feasibility of
eliminating detectable disease in patients with de novo
synchronous oligometastatic disease at presentation, in
a small pilot study consisting of 20 men (118). These
men received multimodal treatment with ADT, surgery
(radical prostatectomy and lymphadenectomy) followed by
SBRT to the metastatic lesions. The primary endpoint, an
undetectable PSA after testosterone recovery, was achieved
in 20% (95% CI, 3–38%) of the men up to 20 months and
persisted to nearly 4 years in one patient. There was no
comparator arm.
A small Japanese study (n=40) was published in 2018.
The team assessed the benefit of adding MDT to patients
with newly diagnosed OMPC (defined as ≤5 lesions) who
underwent high dose rate brachytherapy (HDR-BT) and
at least 6 months of ADT (120). A heterogenous group
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of patients were enrolled with N1 (n=22), M1a (n=3) and
M1b (n=15) disease. 18 patients received MDT and the
groups were not matched well; there was a preponderance
of nodal disease in the control arm. Patients who received
MDT had a significantly higher probably of achieving a
PSA level of <0.02 ng/mL (88.8% vs. 54.5%, P=0.0354) and
also had an improved CRPC-free survival (HR 0.32, 95%
CI, 0.12–0.88) than those who did not receive MDT. Bone
metastases were treated using a 3D conformal technique to
a dose of 30–50 Gy in 2 Gy per fraction. For involved pelvis
lymph nodes, a whole pelvic EBRT dose to 40 Gy followed
by a 10 Gy boost to the node was delivered in addition to
the HDR-BT to the prostate. Treatment was also delivered
in 2 Gy per fraction.
If we believe these patients are truly oligometastatic, and
thus potentially curable, the question must be asked, should
we be treating these patients more aggressively? Should
we be considering a ‘radical’ dose of radiotherapy to the
prostate and treating the metastatic lesions with ablative
doses (BED >100 Gy) (86). This question will be answered
by the forthcoming arm of the STAMPEDE trial, Arm
M, which will randomise to SOC (including docetaxel or
novel androgen receptor targeting agent) +/− radiotherapy
to the primary and all known sites of metastatic disease
(≤5 metastases). This arm is scheduled to open in 2020.
The ‘Total eradication of disease (TED)’ trial (NCT
02716974) is currently running at Johns Hopkins Hospital
to investigate a similar question. Patients are being treated
with neoadjuvant LHRH agonist and docetaxel to 6
cycles followed by radical prostatectomy with or without
postoperative radiotherapy and finally, consolidation
SBRT to the oligometastases (103,121,122). There are
two parts to this trial; TED1 enrolls men with newly
diagnosed OMD, and TED2 are for those men diagnosed
at the time of surgery, i.e., with positive lymph nodes.
Other trials investigating the role of SBRT in synchronous
oligometastatic disease are outlined in Table 4.
Patients presenting with synchronous pelvic nodal
metastases are a specific subgroup of the oligometastatic
group, where clinical consensus is to treat more radically.
There is increasing evidence that radical radiotherapy to
the prostate and pelvic lymph nodes improves survival
outcomes (123) and despite the lack of phase III evidence,
guidelines recommend treating the entire pelvic lymph node
basin with a boost to the involved lymph nodes (24). The
best evidence available arises from a post-hoc exploratory
analysis of the control arm in the STAMPEDE trial. A nonrandomised comparison favoured the use of radiotherapy
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(80% of whom received radiotherapy to the prostate and
pelvis) in both high risk node negative and node positive
disease (124).
Oligoprogressive disease
Oligoprogression describes a scenario in which a patient has a
limited number of progressing metastatic lesions or a new lesion,
on the background of well-controlled systemic disease (13).
Patients with oligoprogression have a worse prognosis than
those with oligometastases, as they are usually in the hormoneresistant phase of disease. For instance, in a patient with
widespread bone disease controlled on ADT, oligoprogression
suggests a niche of treatment-resistant cancer cells, ablation
of which could theoretically delay widespread treatment
resistance and the need to change systemic therapy (125).
The volume of controlled disease and the interval to
development of oligoprogression are likely to be critical factors
determining who will benefit from MDT in this circumstance.
As yet there is no prospective randomised data supporting this
hypothesis, however, in 2018 the Targeted Radiotherapy in
Androgen-suppressed Prostate Cancer Patients (TRAP) phase
II, UK-based study started recruiting (NCT 03644303) (126).
It is investigating the use of SBRT to 1 or 2 lesions in
men receiving a second-generation ADT (abiraterone or
enzalutamide). The primary endpoint is median PFS, with
estimated study completion at the end of 2021.
Ongoing trials
Whilst the evidence to date suggests a benefit from SBRT
in OMPC, without a large, adequately powered phase III
trial, it is impossible to be sure about the existence and
magnitude of any benefit. Table 4 outlines selected ongoing
trials in metachronous and synchronous metastases.
Future directions
Thus far, the spotlight in OMD has been on delivering
aggressive MDT treatment, to achieve local control,
improve survival and potentially, cure. If the results of the
current phase III trials are positive, and demonstrate a
benefit, our next focus should be refining patient selection.
Future research can interrogate the surveillance strategies
that recognise and delineate metastases, optimise the
radiotherapy protocols, consider concurrent systemic
therapies, and importantly incorporate liquid biopsy and
biomarkers to stratify patients into risk groups. Well-
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constructed trials are essential if outcomes are to be
translated to patient care, the principles of which are
discussed in a recent editorial by Chang et al. (127).
The role of immunotherapy in the treatment of
oligometastases is covered in detail elsewhere in this edition
by Chmura et al. Hitherto, the role of immunotherapy in
prostate cancer management has been minimal, probably
due in part to the low genetic mutational load and sparsity
of activated tumour-infiltrating lymphocytes. However,
this is worthy of further study. The phase 2 POSTCARD
trial (NCT 03795207) of SBRT for oligometastases with
or without durvalumab, a PDL1 inhibitor, is currently
recruiting and due for completion in 2024 (128).
Broadening the aims of treatment, an editorial by Palma
et al., recently described a possible new approach for MDT,
which they called Ablative Radiation Therapy to Restrain
Everything Safely Treatable (ARREST). ARREST would aim
to temporarily delay tumour progression at multiple tumour
sites, recognising inevitable recurrence. Since increasing
tumour burden is associated with reduced systemic therapy
effectiveness, the authors hypothesise that ARREST could
improve systemic therapy itself. Thus, burden of disease
would be secondary to feasibility of treatment (129).
Conclusions
The optimal management for patients with OMPC is multifaceted and there remain many areas where there is lack of
good evidence. The efficacious and safe nature of SBRT
in ablating oligometastases has been reported in multiple
trials. Although data confirms delayed disease progression,
prolonged local control, and a suggestion of OS benefit,
high quality phase III trials are still needed. With time,
we will hopefully be able to ascertain the best approach to
manage such a heterogenous group of patients. Until then,
we must proceed with pragmatism, and treat patients with
the best available evidence, ensuring harm is minimised.
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