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Abstract: After primary treatment for prostate cancer with either radical prostatectomy or 
radiotherapy, a significant proportion of patients are at risk of developing metastases. In 
recent years, a deeper understanding of the underlying biology together with improved 
imaging techniques and the advent of new therapeutic options including metastases- 
directed therapies and new drugs have revolutionized the management of low-burden meta-
static disease, also known as oligometastatic state. The purpose of this narrative review is to 
report the recent developments in the management of hormone-sensitive oligometastatic 
prostate cancer patients. 
Keywords: oligometastatic prostate cancer, metastasis-directed therapies, narrative review, 
imaging, biology

Introduction
Until recently, the oligometastatic state was considered as an intermediate condition 
in the stepwise process of metastatic progression.1–3 This paradigm has revolutio-
nized the concept of metastatic disease, thus encouraging the use of localized 
therapeutic approaches in patients presenting with low-burden lesions. Meantime, 
effort has been put to identify the underlying biological mechanisms for the 
identification of genomic alterations specific between widespread metastatic disease 
and limited metastatic burden.4 Under the hypothesis of different biological states, 
it is even more critical to discriminate between these disease entities, to identify 
which patients are more likely to benefit from curative-intent therapies.

The application of these concepts is of peculiar interest for prostate cancer 
(PCa). On the one hand, the advent of novel imaging modalities, eg 18F- 11C 
choline positron emission tomography/computed tomography (PET/CT) and 68Ga- 
prostate-specific membrane antigen (PSMA) PET/CT, is facilitating the diagnosis of 
patients in the oligometastatic state. On the other hand, the availability of novel 
therapeutic approaches is providing clinicians with a wider set of treatment options, 
which can be both of local (eg stereotactic body radiotherapy, SBRT) and/or 
systemic nature (eg immunotherapy, second generation antiandrogens and 
radiopharmaceuticals).5 Considering the increasing interest towards metastasis- 
directed radiotherapy, a recent consensus from the European SocieTy for 
Radiotherapy and Oncology/American Society for Radiation Oncology (ESTRO/ 
ASTRO) has concluded that, to fit the definition of “oligometastatic”, the total 
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number of detectable lesions should be less than 5, and all 
of them should be safely treatable, regardless of the con-
trol of the primary tumor.6

Nevertheless, a universally accepted definition of oli-
gometastatic PCa (OMPC) is still under debate. To better 
clarify this concept, the 2019 Advanced Prostate Cancer 
Consensus Conference (APCCC) has discussed the main 
criteria for the definition of OMPC, which include the 
following: number of lesions, location of the involved 
metastatic sites (nodes vs bone and/or visceral), time of 
onset (synchronous vs metachronous) and castration 
status.7 While consensus was not reached among panelists 
for a definition of OMPC, they agreed that conventional 
imaging (namely, CT and bone scintigraphy) can no longer 
be considered sufficient for the (re)staging of suspected 
OMPC. Specifically, for metachronous disease - which 
will be the focus of the present work - the current recom-
mendation is to perform a PSMA PET/CT to confirm the 
oligometastatic state, although the management of false 
negative and false positive findings is still debated.8 

Being the use of the sole prostate specific antigen (PSA) 
increasingly questioned, a stronger level of evidence is 
warranted to define the optimal pathway of care in this 
subset of patients, which includes the impact of next- 
generation imaging (NGI) on treatment outcomes, the 
combination of local and systemic approaches and follow- 
up scheduling.

While results from ongoing trials are awaited, our work 
aims to present a critical and comprehensive overview of 
the state of art for hormone-sensitive OMPC.

In the present work, we will start by considering the 
rationale behind metastasis-directed therapies (MDTs) in 
the light of the use of novel imaging modalities, which 
will be presented together with more established techni-
ques in the fields of both radiology and nuclear medicine. 
Subsequently, we will discuss current preliminary results 
for systemic therapies in the oligometastatic hormone- 
sensitive setting. Finally, our work will provide an over-
view on potential biomarkers which, arguably, could bring 
complementary information to image findings in the indi-
vidualized definition of the true oligometastatic state.

Emerging Evidence on SBRT as 
a Promising MDT
A recent metanalysis reporting results from prospective 
and randomized trials have showed that OMPC patients 
could potentially benefit from MDT approaches.9 

Specifically, in the setting of oligo-recurrent hormone- 
sensitive PCa, several retrospective studies and Phase II/ 
III randomized trials suggest that MDT has a positive 
impact on oncological outcomes with an acceptable asso-
ciated toxicity profile.10 The purpose of these interventions 
is to improve disease control, contain metastatic progres-
sion, delay the start of systemic therapies and eventually 
improve survival.11 Although several forms of MDTs 
exist, including radiofrequency ablation, cryotherapy, sal-
vage lymph node dissection, metastasectomy and radio-
therapy, the latter is often preferred. To start with, it is 
a non-invasive modality which does not require neither 
anaesthetizing nor hospitalization.12 Additionally, it is 
a cost-effective and well-tolerated therapy, provided that 
facilities and adequately trained personnel are available. 
Radiotherapy is usually delivered with two different 
approaches, namely elective nodal radiotherapy (ENRT), 
which consists in irradiating bilaterally the whole pelvic 
region and SBRT, which treats exclusively the nodal 
relapse in the attempt to reduce side effects. 
A retrospective analysis on 506 patients by De Bleser 
et al,13 comparing ENRT and SBRT across multiple insti-
tutions, confirmed that the former is associated not only 
with a longer 3-year metastasis-free survival (77% vs 
68%, p = 0.01) but also with more frequent late toxicity 
events (18% vs 6%, p = 0.002). A recent review by 
Rogowski et al8 considered 56 studies between 2012 and 
2020 with the purpose to provide an overview of the role 
of MDTs in OMPC. The authors concluded that MDT was 
associated with high local control rates (22–83%) with low 
morbidity and that a relevant proportion of patients was 
free of progression after 2 years. Another important 
desired objective of MDT strategies is to prolong androgen 
deprivation therapy (ADT)-free survival. This benefit was 
confirmed by Ost et al who reported ADT-free survival of 
21 months in the MDT group vs 13 months in the surveil-
lance group.14 The above-mentioned meta-analysis, con-
sidering a total of 445 patients treated with MDTs, 
considers the available evidence on the role of SBRT in 
OMPC.9 Other than confirming a clear benefit of SBRT 
over observation in terms of local and biochemical control, 
results also demonstrated that such benefit was maintained 
over time (24 months after baseline). The integration of 
MDT into personalized pathways of care is even more 
appealing if one considers that most ADT-sensitive 
patients will progress towards a castration-resistant state 
in the course of their life.11 As a consequence, the integra-
tion of MDTs in selected patients’ care pathway could 
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represent a valuable option to delay the start of systemic 
therapies and its associated side effects. However, radio-
therapy approaches are still far from being routinely 
implemented in clinical practice, as more solid data on 
its long-term efficacy needs to be confirmed, especially in 
terms of overall survival (OS).15

Imaging in OMPC
For years, serum PSA increase after primary treatment 
represented the main trigger for identifying disease pro-
gression and selecting the optimal therapy. With no or little 
information on presence, localization and burden of meta-
static disease, under- and over-treatment as well as asso-
ciated side effects were common.11 Recently, a variety of 
imaging techniques were proposed to complement PSA 
measurements and define metastatic active lesions.11 

Accordingly, the latest National Comprehensive Cancer 
Network (NCCN) and European Association of Urology, 
ESTRO, and International Society of Geriatric Oncology 
(EAU-ESTRO-SIOG) guidelines recommended the 
employment of the most recent imaging modalities to 
restage patients with PSA rise, suspect of biochemical 
relapse after curative treatments.16. The identification of 
location and extent of metastatic disease in PCa patients 
using both cross-sectional, ie CT and magnetic resonance 
imaging (MRI), and planar imaging techniques, such as 
Technetium 99m-methylene diphosphonate (99mTc-MDP) 
bone scintigraphy,1,12 represents a crucial step in the cur-
rent clinical practice. All these modalities are widely 
available and affordable and allow for whole body ima-
ging. However, they show only a modest diagnostic accu-
racy, with CT and bone scan having a sensitivity in the 70– 
80% and 60–80% ranges, respectively.17 Specifically, per-
formances of CT in discriminating between pathological 
and reactive lymph nodes can be as low as 40%, especially 
when their dimension is comparable.18 CT has also 
a modest accuracy in detecting bone metastases, as small 
lesions of the bone and fatty marrow are difficult to be 
distinguished. On the other hand, bone scintigraphy repre-
sents the most widely used method for assessment of bone 
lesions. The addition of single-photon emission computed 
tomography (SPECT) or SPECT/CT to planar imaging 
appears to slightly improve its diagnostic precision,16 

with a meta-analysis reporting a 3% rise in combined 
sensitivity and specificity when SPECT is employed (79 
vs 82%).19 Although conventional imaging techniques still 
represent a valid and established option in the setting of 
OMPC, they have limited ability to precisely identify and 

estimate the location and extent of metastatic lesions.16 In 
recent years, the awareness of these limitations has 
resulted in a growing interest towards NGI techniques, 
and to the development of novel PET radiotracers to better 
target lesions of bone and soft tissue,1 with the aim of 
revealing submerged disease with improved sensitivity and 
specificity.10 Particularly attractive are radiotracers target-
ing directly cancer cells (eg carbon 11 (11C)-choline, 
18F-fluoroethylcholine (18F-Cho), trans-1-amino-3--
18F-fluorocyclobutanecarboxylic-acid (18F-FACBC)) and 
those targeting PSMA cell surface protein (eg Gallium 
68 (68Ga)-PSMA-11 and 2-(3-{1-carboxy-5-[(6-[18F] 
fluoro-pyridine-3-carbonyl)-amino]-pentyl}-ureido)- 
pentanedioic acid) 18F-DCFPyL). All these PET-based 
techniques were proven to be more sensitive in the identi-
fication of the oligometastatic disease when anatomical 
imaging is combined.12 11C and 18F choline are radiola-
beled choline derivatives able to detect increased cell 
membrane turnover.16 The choline-based method shows 
an unprecedented sensitivity and specificity in evaluating 
disease recurrence, with values as high as 85%.12 

However, at low PSA levels, sensitivity decreases signifi-
cantly. In general, this technique was proven to be more 
accurate in detecting bone metastases than lymph node 
lesions, with relatively high false positives rates for the 
latter. Diagnostic performances depend also on the specific 
choline derivative, with 18F-choline outperforming 
11C-choline (reported sensitivity and specificity of 62 vs 
92%, respectively).16 The interest towards PSMA-targeted 
imaging has increased during the last years, as, thus far, it 
was proven to have the highest metastases detection rates 
over the other available imaging methods.8 In particular, 
studies showed 68Ga-PSMA PET/CT consistently outper-
forming choline PET/CT at low PSA values,20 with 
reported detection rates of 15–58%, 25–73%, 69–100% 
for PSA ranges of 0.2–0.5 ng/mL, 0.5–1 ng/mL and 1–2 
ng/mL, respectively.8 Moreover, a high level of interob-
server agreement was demonstrated for 68Ga-PSMA PET/ 
CT, both for nodal and bony lesions.21,22

Admittedly, PSMA-based techniques may fail to detect 
clinical progression when PSMA is either absent or scar-
cely expressed. Although no definitive evidence of super-
iority of 68Ga-PSMA PET/CT exists, in the 2017 APCCC, 
the panelists recommended the use of 68Ga-PSMA PET/ 
CT to confirm the diagnosis of oligometastases after pri-
mary treatment.23

Another promising PET radiotracer is 18F-fluciclovine, 
a synthetic amino acid approved for use in USA and 
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Europe in 201624 and 2017,25 respectively, for men with 
PCa biochemical recurrence.26 The LOCATE trial 
(NCT02680041), investigating the role of such methods 
on the treatment of recurrent PCa patients, demonstrated 
that even at low PSA levels, 18F-fluciclovine-PET/CT 
succeeded with the identification of recurrences missed 
with conventional imaging and that this frequently 
required major changes to radiotherapy treatment plan. 
With one quarter of patients diagnosed with OMPC, this 
method has the potential of guiding targeted therapies, 
however further investigations are necessary before it can 
be routinely adopted in the clinical practice.27

Other than nuclear medicine imaging modalities, whole 
body (WB)-MRI represents another valid option to quan-
tify PCa metastatic burden. Similarly to the previously 
described techniques, WB-MRI could be a game changer 
in adequately selecting candidates for MDTs.17 Its most 
attractive feature consists in its capability to depict oligo-
progressive metastatic lesions without exposing the patient 
to ionizing radiations.11 Several MRI sequences, including 
T1-weighted, T2-weighted, dynamic contrast-enhanced 
(DCE), diffusion-weighted imaging (DWI), can be suc-
cessfully used to map the full extent of the disease.11,21 

A study by Shen et al demonstrated that WB-MRI outper-
forms choline-PET in detecting bone metastases in terms 
of sensitivity (97 vs 91%) but not in terms of specificity 
(95 vs 99%).19 The adoption of novel contrast agents 
could help increasing detection capability, as shown by 
a recent meta-analysis that reported augmented diagnostic 
performances of DWI when ultra-small superparamagnetic 
iron oxide (USPIO) contrast agent is employed.28 Finally, 
in recent years, international guidelines have been pub-
lished which provide indications for standardising acquisi-
tion, interpretation and reporting of WB-MRI.29

A recent meta-analysis by Farolfi et al,22 summarizing 
the strengths and limitations of such NGI modalities, 
identified PSMA-PET as the most promising modality, 
with lower inter-observer variability and higher degree of 
reproducibility. Nevertheless, this study also warns about 
pitfalls of this technique, such as the possible overestima-
tion of lymph node detection sensitivity, encouraging ran-
domized clinical trials investigating the role of NGI in 
combination with MDT in this setting. As a successful 
treatment relies on accurate imaging, the employment of 
NGI becomes mandatory in the era of high-precision 
medicine.22 Comparisons of standard and modern imaging 
methods have always shown the superiority of the latter,21 

which are expected to replace conventional imaging in the 

course of a few years (Table 1). At present, the available 
evidence on their improved detection capability over stan-
dard imaging is not mature enough to include them in 
guidelines, which still prioritize traditional techniques to 
evaluate PCa metastatic burden.1 Clinical trials evaluating 
the benefits of using NGI to treat locally OMPC may clear 
their benefits, not only merely evaluating their diagnostic 
accuracy, but also considering their impact on oncological 
outcomes.

New Drugs in OMPC
In recent years, combinatorial approaches involving new 
drugs or already available systemic agents are revolutio-
nizing the treatment of metastatic PCa. In the following, 
possible systemic treatment strategies for OMPC patients 
offered by the new target therapies emerging either in 
combination with or as an ADT substitute will be 
presented.

Historically, ADT is recommended as the standard of 
care for the general population of patients with metastatic 
PCa (mPCa) regardless of metastatic burden. In general, 
since the potential for ADT as a standalone therapy has 
reached a plateau, the next wave of therapeutic investiga-
tion will be focused on novel combinatorial approaches 
including radiotherapy, chemotherapy, second generation 
antiandrogens and immunotherapy. The most important 
findings on novel combinatory therapies derive from sev-
eral recent phase II/III trials (Table 2). Notably, most of 
these trials include mPCa patients regardless of disease 
burden and timing of metastatic occurrence (eg synchro-
nous vs metachronous).

As mentioned above, especially in patients with comor-
bidities, MDT is performed in order to delay ADT. In fact, 
several studies report that such aggressive systemic treat-
ment has not a significant effect on OS gain in the oligo-
metastatic setting.30

Indeed, since 2015, the addition of Docetaxel to ADT was 
demonstrated to confer survival benefit in men with mPCa not 
previously treated with ADT; conversely, no OS benefit from 
docetaxel addition to ADT was discerned in the low-volume 
disease both in the GETUG-AFU 15 (NCT00104715) and 
CHARTEED (NCT00309985) trials.30,31

These data are confirmed by the recent long-term sur-
vival analysis of the randomized Phase III CHARTEED 
trial by Kyriakopoulos et al.32 With an updated median 
follow-up up of 53.7 months the study confirmed the 
absence of any OS benefit for the low-volume disease 
subgroup of Docetaxel integration with ADT in metastatic 
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hormone-sensitive PCa (mHSPC) patients, while benefit 
was maintained with high volume disease. To note is that 
the majority of the patients of this study presented a de 
novo metastatic disease. Interestingly, in the STAMPEDE 
(NCT00268476) trial, Abiraterone and Prednisone addi-
tion to ADT demonstrated a statistically significant OS 
gain both in the high- and low-risk cohorts according to 
LATITUDE criteria.33 Same tendency in OS was reported 
when the CHAARTED criteria were applied to high- and 
low-volume groups. These preliminary analyses might 
suggest that Abiraterone addition to ADT might be effec-
tive not only for the overall population but also for the low 
risk/volume or oligometastatic patients with mHSPC. 
Some of the main pitfalls of Abiraterone are represented 
by its cost-effectiveness (compared to MDT and/or 
Docetaxel) and by the related side-effects such as 

hypertension, hypokalemia, and elevated liver enzymes 
levels.33 As a consequence, Abiraterone can be considered 
when the financial aspect is secondary and in patients who 
wish to avoid chemotherapy or to minimize hospital visits. 
Another second generation antiandrogen is Enzalutamide.

A recent interim analysis of the ENZAMET 
(NCT02446405) trial by Sweeney et al,34 demonstrated 
that the addition of Enzalutamide for metachronous 
patients improved the 3-yr OS in the whole cohort (83% 
vs 89%) with an augmented efficacy (83% vs 92%) for the 
low-volume subset according to the CHARTEED criteria. 
Similar findings were reported in the TITAN trial 
(NCT02489318), investigating the benefits of adding 
Apalutamide to testosterone suppression in mHSPC.35 In 
this study, including 1052 men with mHSPC randomized 
to placebo or Apalutamide, 63% and 37% presented with 

Table 1 Comparison Between Conventional and Next-Generation Imaging Methods in the Setting of OMPC

Type Imaging Method Strengths Limitations

Conventional Contrast-enhanced 
thoraco-abdomino-pelvic 
CT

> Allows for whole-body 
imaging21 

> Widely available and 

affordable21

> Poor sensitivity and specificity for detection of LN mets 
(sensitivity < 40%)16,18 

> Suboptimal for detection of bone mets16,21

99mTc-MDP bone 
scintigraphy

> Consistency for classification of 

M1 vs M0 disease21 

> Most widely used method to 

detect BMs21 

> Widely available and 
affordable17,21

> Misses metastatic lesions in bone marrow21

Next 
generation

Fluciclovine (18F)-PET > As good as choline-PET12 

> Identify both bony and soft 

tissue lesions12

> Accuracy depends on PSA levels12

18F/11C-choline PET/CT > Good specificity (92–95%) in 

LN mets77,78

> LNs: Modest sensitivity in detecting LN mets (49.2– 

62%)12 

> High false positive rates with reactive LNs12 

> Reduced sensitivity with low PSA values12

68Ga-PSMA PET/CT > Superior detection rates 

compared to other PET tracers12 

> Able to identify small lesions at 
low PSA values12

> High false negative rates at low PSA values12 

> Additional studies are needed to confirm results

WB-MRI > High sensitivity and specificity 
(>98%)12 

> High inter-observer 

agreement21,22 

> No exposure to ionizing 

radiations11

> Long scanning time, inter-scanner variability, 
susceptibility to motion and other artefacts, high costs17 

> Not widely used at present12

Abbreviations: 11C, carbon 11; 18F-NaF, 18F-sodium fluoride; 99mTc-MDP, technetium medronic acid; CT, computed tomography; LN, lymph node; met, metastasis; MRI, 
magnetic resonance imaging; PET, positron emission tomography; PSMA, prostate-specific membrane antigen.
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Table 2 Summary of Some of the Most Promising New Target Therapies Emerging Either in Combination with or as an ADT 
Substitute in the Treatment of Hormone-Sensitive Oligometastatic Prostate Cancer

Drug(s) Clinical Trials Phase Start- 
End 
Date

Status N Benefits Limitations

Docetaxel GETUG- 
AFU 1530 

(Docetaxel + 

ADT) 
NCT00104715

III 2004– 
2011

Completed 385 > Improvement of b-PFS, 
c-PFS and PSA response

> No OS benefit for both 
low- and high- volume 

disease

CHARTEED31 

(Docetaxel + 

ADT) 

NCT00309985

III 2006– 
2015

Active, not 
recruiting

790 > Benefit in OS in high- 
volume disease

> No OS benefit in low- 
volume disease

Abiraterone STAMPEDE 
(arm G)33 

(Abiraterone + 

Prednisone + 
ADT) 

NCT00268476

II–III 2005– 
2024

Recruiting 1003 > OS gain both in the low- 
and in the high-risk and in 

the low- and high- volume

> Cost-effectiveness 
(compared to Docetaxel) 

> Side effects (hypertension, 

hypokalemia, elevated liver 
enzymes levels) 

> Some patients had 

synchronous disease

Enzalutamide ENZAMET34 

(Enzalutamide + 
ADT) 

NCT02446405

III 2014– 

2023

Active, not 

recruiting

1125 > Improvement of 3-yr OS 

for metachronous patients in 
the whole cohort 

> Augmented efficacy for the 

low-volume subset

> No clear OS benefit 

among men receiving 
concurrent Docetaxel in 

high-volume disease 

> Some patients had 
synchronous disease

ARCHES36,37 

(Enzalutamide + 

ADT) 

NCT02677896

III 2016– 
2018

Active, not 
recruiting

1150 > Reduced risk of metastatic 
progression or death in low- 

volume disease and/or prior 

Docetaxel

> The use of rPFS instead of 
the more widely used OS 

index 

> Some patients had 
synchronous disease

Apalutamide TITAN35 

(testosterone 

suppression + 

Apalutamide) 
NCT02489318

III 2015– 
2020

Active, not 
recruiting

1052 > Benefit across all 
subgroups of patients

> Small size of certain 
patients’ subgroups

Durvalumab POSTCARD 
(SBRT ± 

Durvalumab) 

NCT03795207

II 2019– 
2024

Recruiting 96 
(estimated)

> Expected enhancement of 
immune response

> Results expected by 2024

Radium-223 RROPE 
(EBRT + 

Radium-223) 

NCT03304418

II 2018– 

2022

Active, not 

recruiting

20 > Expected delay of ADT 

start

> Results expected by 2022

RAVENS42 

(SABR ± 

Radium-223) 
NCT04037358

II 2019– 

2024

Recruiting 64 

(estimated)

> Expected aadvantage of 

combining SABR and 

Radium-223

> Results expected by 2024

(Continued)
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high- and low-volume disease, respectively; 11% had 
Docetaxel prior to enrollment (not concurrently); 86% 
had de novo metastases. Updated data with a median 
follow-up of 44.0 months revealed that addition of 
Apalutamide resulted in a benefit across all subgroups, 
with an overall hazard ratio (HR) for the OS of 0.65 
(95% confidence interval: 0.53–0.79). Similar promising 
results for low-volume metastatic patients are reported by 
ARCHES multinational, double-blind, phase III trial 
(NCT02677896), wherein 1150 men with mHSPC 
received Enzalutamide vs placebo + ADT.36 

Enzalutamide addition was shown to significantly reduce 
the risk of metastatic progression or death over-time in 
men with low-volume disease and/or prior Docetaxel.33,37 

Sathianathen et al38 in a recent metanalysis analyzed data 
from GETUG-AFU15, CHAARTED, LATITUDE, 
ENZAMET, and TITAN trials based on volume of disease. 
This subgroup analysis demonstrated how, for low-volume 
disease, only Enzalutamide treatment resulted in an 
improved survival and had the lowest absolute HR com-
pared to ADT (HR 0.38, 95% CI 0.20–0.68). Another area 
of rapid development in PCa research is the use of immu-
notherapy; unfortunately, several studies demonstrated that 
the response to immunotherapy is less robust in PCa than 
other solid malignancies.39,40 This could be related to 
some peculiar PCa characteristics, including reduced 
T-cell infiltration, downregulated major histocompatibility 
complex expression, and lower expression of programmed 
death-ligand (PD-L1).41 In the ongoing Phase II 
POSTCARD trial (NCT03795207), oligometastatic 
patients are randomized to receive SBRT ± Durvalumab 

in a 2:1 ratio. The rationale behind this study, whose 
definitive results are expected by the end of 2023, is that 
Durvalumab will enhance immune response following 
SBRT targeting oligometastatic lesions.

Radiopharmaceuticals are systemic radioisotopes that 
deliver a high dose of radiation to multiple sites and 
represent a valid option in particular in bone metastases. 
RROPE trial (NCT03304418) is a Phase II, open label, 
single arm, and prospective study enrolling hormone 
therapy-naïve men with OMPC to the bone. The study 
will test if treating the primary tumor sites and 5 or 
fewer sites of bone-only metastases with external beam 
radiation with concomitant systemic Radium-223 allows 
to delay ADT start. Estimated primary completion date is 
for the end of 2022. A study investigating the role of 
radiopharmaceuticals in the oligometastatic setting is the 
RAVENS trial (NCT04037358). This phase II, non- 
blinded, randomized study compares SABR ± Radium- 
223 in OMPC patients with 3 or less metastases and at 
least one bone localization. The primary hypothesis is 
that SABR + Radium-223 will increase median progres-
sion-free survival (PFS) in the SABR + Radium-223 arm 
respect to SABR alone. Estimated primary completion 
date is expected for mid-2024.42

A small cohort pilot study by Privè et al43 indicated 
a potential favorable role for 177Lu-PSMA in patients with 
mHSPC with low-volume metastatic disease (≤ 10 lesions) 
and good PSMA uptake on PET imaging. The ADT was 
postponed for all 10 patients, which maintained good quality 
of life. Half of them showed a PSA response of more than 50% 
and one patient had a complete radiological response. These 

Table 2 (Continued). 

Drug(s) Clinical Trials Phase Start- 
End 
Date

Status N Benefits Limitations

177Lu-PSMA PILOT 
STUDY43

I–II 2018– 
2019

Completed 10 > Feasible and safe treatment 
modality in patients with 

low-volume

> Low-volume disease 
could lead to unfavourable 

radioligand distribution to 

the organs at risk 
> Small cohort*

BULLSEYE44 

(177Lu-PSMA) 

NCT04443062

II 2020– 
2024

Recruiting 58 
(estimated)

> Validation of results 
obtained in the pilot study

> Results expected by 2024

Notes: *Results refer to a previously published prospective pilot study40. 
Abbreviations: ADT, androgen deprivation therapy; b-PFS, biochemical progression-free survival; c-PFS, clinical progression-free survival; EBRT, external-beam RT; OS, 
overall survival; PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen; r-PFS, radiographic progression-free survival; RT, radiotherapy; SABR, stereotactic 
ablative RT; SBRT, stereotactic body RT.
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promising results led to the development of the multicenter, 
open-label, randomized controlled BULLSEYE trial 
(NCT04443062). The rationale is to test whether 177Lu- 
PSMA is an effective treatment in OMPC in the hormone 
sensitive setting in terms of PFS improvement and ADT 
delay.44

As of today, combination therapy with either 
Abiraterone, Enzalutamide, or Apalutamide provides 
a significant OS benefit when compared with ADT alone. 
However, more solid data on novel combinatorial systemic 
approaches and their potential coexistence with MDTs will 
be provided by several ongoing trials that are trying to 
shed the light on this matter.

Novel Biomarkers in OMPC
From a biological point of view, the oligometastatic state 
exhibits a peculiar behavior when compared with a heavy 
burden state of disease. As previously mentioned, the existence 
of distinct underlying molecular mechanisms characterizing 
the oligometastatic state has been hypothesized.45 The use of 
PSA alone seems to be excessively limiting in the identification 
of the true oligometastatic patient. As a consequence, several 
efforts have been made in order to identify dependable addi-
tional biomarkers for the choice of the best treatment 
option(s).46–50 The biology of metastatic progression relies 
on multiple factors that mediate the cross-talk between cancer 
cells and their local or distant environment including cyto-
kines, exosomes and miRNAs, which post-transcriptionally 
affect gene expression and several steps in the metastatic 
cascade. In general, several paths exists through which metas-
tases may originate: (i) synchronous seeding (from the primary 
tumor), (ii) metachronous seeding (from other metastases) and 
(iii) self-seeding (return to the site of origin).51

It has been speculated that malignant clones in oligometas-
tases do not have the biological requirements to infiltrate multi-
ple sites and lead to a high burden disease52,53 In fact, while 
these have the classical ability of metastatic clones to evade the 
immune system and disseminate through the body, they lack 
some of the classic features of malignancy, which translates 
into a lower metastatic potential.54 Assuming the above, local 
ablative treatments appear as the most reasonable approaches 
for the patients in this setting, allowing to avoid or defer 
systemic therapies and their related side effects. In this view, 
the identification of reliable biomarkers could foster the correct 
stratification of metastatic PCa patients and complement the 
information provided by imaging modalities.

Historically, histopathological examinations have 
represented the ground truth for the definitive diagnosis 

of PCa. However, a single bioptic assessment can be 
inadequate to depict the dynamics of the tumor and its 
underlying biology over time. Liquid biopsy is emerging 
as a valuable candidate to fill this void, allowing to over-
come the static and invasive bioptic approach55,56 

Notwithstanding the lack of validated biomarkers in 
OMPC, several liquid biopsy-derived analytes are emer-
ging as promising candidates to boost the development of 
tailored treatments. Specifically, some of the most promis-
ing ones are circulating tumor cells (CTCs), exosomes and 
circulating cell-free DNA (cfDNA) such as circulating 
tumor DNA (ctDNA), and miRNAs57,58 (Table 3).

In detail, CTCs represent cancer cell clones originating 
from a tumor site and can be found in the bloodstreams both 
as single agents or clusters.59,60 Two recent studies reported 
their promising role as biomarkers representing the metas-
tases mutational content, thus offering a real time monitoring 
through their sequencing. In addition, an exploratory study 
on a small cohort demonstrated that pre- and post-operative 
CTCs enumeration outperformed PSA as prognostic factor 
for oncological outcomes at 6 months.61,62 A major draw-
back of CTCs is represented by their rarity in the bloodstream 
and their isolation still represents a limiting step to their 
clinical implementation.63–66 Similarly to CTCs, ctDNA 
can be used as a biomarker to characterize the mutational 
and epigenomic landscape in advanced solid tumors. ctDNA 
originates from apoptotic and necrotic cells and comprises 
both genomic and mitochondrial DNA.67 It is nowadays well 
accepted that ctDNA concentration in plasma is highly 
related to both tumor size and clinical stage. Due to its 
relatively short half-life, ctDNA appears as a suitable agent 
to provide a real-time monitoring of the malignancy 
status.68,69 Despite early promising results, a major barrier 
to a wider implementation of ctDNA as a prognostic biomar-
ker is represented by its challenging measurement and the 
controversial choice of the main source (eg serum, plasma) of 
such agent. Among different available candidate biomarkers, 
RNA-based analytes show an advantage over the DNA- 
based ones thanks to their higher tissue- and disease- 
specificity, which make them more appropriate descriptors 
of disease status. In this context, mi-RNAs are short non 
coding transcripts participating in gene regulation at a post- 
transcriptional level (cell growth alteration, apoptotic pro-
cess, metastasis formation and cell differentiation).70 Since 
several miRNAs are highly tissue-specific and participate in 
distinct pathways to elicit different cellular effects that are 
dependent on the cell type and target expression and their 
function has been found controversial in several cancers.71–73 
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A recent study reported how expression levels of some base-
line plasma miRNA were significantly associated with CTCs 
number and with the 28-weeks PSA response.74 In general, 
awareness is mounting about the role of the miRNA in the 
communication between cancer cells and their environment, 
and ultimately in the miRNA mediated metastatic 
progression.75 Based on the available evidence, several stu-
dies have investigated the role of miRNAs as potential bio-
markers in PCa carcinogenesis and in the clinical course of 
the disease.76–80 Overall, a deeper understanding of the mole-
cular mechanism of the oligometastatic clinical entity could 
unravel novel suitable biomarkers to refine risk stratification 
and to reduce overtreatment, with technologies such as liquid 
biopsies and next-generation sequencing expected to play an 
important role in the clinical setting, paving the way towards 
a wider approach of personalized medicine.

Conclusion
This paper offers an overview of the recent available literature 
describing the oligometastatic scenario. Most recent break-
throughs in this setting relied on the increased number of 
approved treatments with various implications for surgery, 
radiotherapy, and systemic therapy. As of today, no level one 
evidence exists on the management of hormone-sensitive 
OMPC patients. In the era of personalized medicine another 
important issue is represented by the correct patients’ selection 
in which NGI and novel biomarkers could provide deeper 

insights. Perfecting the definition of oligometastatic disease 
in PCa could offer a unique opportunity to better define the 
therapeutic window. An important question on OMPC 
revolves around the existence of an underlying biological 
background. In fact, since the number of metastases invariably 
increases over time, the oligometastatic state may simply 
represent a transient phase of the natural course of the disease 
for different biomarkers that might reflect systemic tumor 
burden. In conclusion, it might be speculated that novel com-
binatorial regimens will be approved soon, but beside clinical 
considerations, other factors such as treatment access, financial 
burden, and logistics will impact the final treatment choice. As 
new data accumulate, tailored treatments will be enhanced 
allowing to discern among patients who are in need of treat-
ment intensification, those who can be managed conserva-
tively, and those who can be considered for cure.

Abbreviations
18F-FACBC, 18F-fluoroethylcholine (18F-Cho), trans- 
1-amino-3-18F-fluorocyclobutanecarboxylic-acid; 18F-DC 
FPyL, 2-(3-{1-carboxy-5-[(6-[18F]fluoro-pyridine-3-carbo-
nyl)-amino]-pentyl}-ureido)-pentanedioic acid; 99mTc- 
MDP, technetium 99m-methylene diphosphonate; ADT, 
androgen deprivation therapy; APCCC, Advanced Prostate 
Cancer Consensus Conference; ASTRO, American Society 
for Radiation Oncology; CTC, circulating tumor cells; 
cfDNA, circulating free DNA; ctDNA, circulating tumor 

Table 3 Summary of Some of the Most Promising Biomarkers for the Identification of the True Oligometastatic Patient. Strengths and 
Limitations for Each of the Described Analytes are Reported

Biomarker Definition Strengths Limitations

Circulating 
Tumor Cells 
(CTCs)

Cancer cell clones originating from a tumor 

site

> real time monitoring of metastases 

mutational content 

> in exploratory studies outperformed 
PSA as prognostic factor for oncological 

outcomes at 6 months57,58

> rarity in the bloodstream59,60 

> difficult isolation62

Circulating 
Tumor DNA 
(ctDNA)

Originates from apoptotic and necrotic 

cells and comprises both genomic and 

mitochondrial DNA

> plasma concentration highly related to 

both tumor size and clinical stage64 

> short half-life, suitable agent for 
disease real-time monitoring

> challenging measurement65 

> choice of the main source is 

controversial (plasma vs serum)65

Micro Ribo- 
Nucleic Acid 
(miRNA)

Short non-coding transcripts of 17–25 

nucleotides, participating in gene regulation

> high stability in biological fluids 

> baseline expression associated with 

CTCs and 28-weeks PSA response70 

> several studies available on their role 

in PCa72–75

> function can be controversial in 

different cancers67–69 

> a strong signature needs to be 
validated yet 

> lacking of standard procedures for 

isolation and storage

Abbreviations: CTC, circulating tumor cell; ctDNA, circulating tumor DNA; DNA, deoxyribonucleic acid; miRNA, micro ribo-nucleic acid; PCa, prostate cancer; PMPC, 
polimetastatic prostate cancer; PSA, prostate specific antigen.
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DNA; DCE, dynamic contrast-enhanced; DWI, diffusion- 
weighted imaging; EAU, European Association of 
Urology; ENRT, elective nodal radiotherapy; ESTRO, 
European SocieTy for Radiotherapy and Oncology; HR, 
hazard ratio; MDT, metastasis-directed therapy; mHSPC, 
metastatic hormone-sensitive PCa; mPCa, metastatic PCa; 
MRI, magnetic resonance imaging; NCCN, national com-
prehensive cancer network; NGI, next-generation imaging; 
OMPC, oligometastatic prostate cancer; OS, overall survi-
val; PCa, prostate cancer; PET/CT, positron emission tomo-
graphy/computed tomography; PFS, progression-free 
survival; PSA, prostate-specific antigen; PSMA, 68Ga- 
prostate-specific membrane antigen; SBRT, stereotactic 
body radiotherapy; SIOG, International Society of 
Geriatric Oncology; SPECT, single-photon emission com-
puted tomography; USPIO, ultra-small superparamagnetic 
iron oxide; WB-MRI, whole body MRI.
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