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Abstract
Purpose  To review the current understanding and recent developments regarding the concept of oligometastases in hormone-
sensitive prostate cancer.
Methods  A comprehensive literature search of electronic databases, including PubMed and Embase was conducted for the 
search term ‘oligometastases’ in combinations with ‘prostate cancer’, ‘hormone sensitive’, ‘genetics’, and ‘molecular’. All 
articles relating to these search terms have been taken into account.
Results  Prostate cancer remains a major cause of morbidity and mortality worldwide. The majority of these cancer-related 
deaths result from metastases. Currently, there is a dichotomy in prostate cancer management where it is only deemed cur-
able if it is localized, while any signs of metastasis relegate patients to systemic therapies to delay their inevitable death. A 
growing body of evidence supports the notion that aggressive treatments during the stable ‘oligometastatic’ state can have 
significant clinical benefits and potentially ‘reset’ prostate cancer to an earlier time point in cancer progression. This concept 
of oligometastases has been adopted in other cancer settings such as colorectal and non-small-cell lung cancers.
Conclusion  Multiple clinical and molecular biological studies have been influential in the support of a stable state in meta-
static cancer progression coined ‘oligometastases’. As our understanding of oligometastases in hormone-sensitive prostate 
cancer develops, we will be able to molecularly define the oligometastatic state and develop clinically available diagnostic 
tests. In doing so, prostate cancer patients will experience significant clinical benefits and the burden of prostate cancer 
worldwide will likely be reduced.
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Introduction

Cancer remains a major cause of morbidity and mortality 
worldwide with an estimated 14 million new cases and 8 
million cancer-related deaths in 2012. Out of those global 
statistics, 1.1 million men were diagnosed with prostate can-
cer, while 307,000 men died from the disease [1]. Despite 
advances in surgical, medical, and radiation therapies, the 

vast majority of these cancer-related deaths result from the 
progression and spread of metastases [2].

In the current medical environment, there is a dichotomy 
of management standards where only localized tumors are 
considered curable, while patients with any sign of meta-
static spread (regional or distant) are typically only offered 
systemic treatment modalities for delaying inevitable pal-
liation. This is strongly evident in current prostate cancer 
management guidelines. Men who present with metastatic 
prostate cancer at time of diagnosis are usually only recom-
mended systemic treatments such as androgen deprivation 
therapy; while localized treatment of the primary tumor in 
these men is still regarded as experimental [3]. These atti-
tudes arise from the firmly held belief that tumors are either 
localized or systemic.

Ever since the concept of ‘oligometastases’ was first 
proposed by Hellman and Weichselbaum in 1995, there 
has been a slow shift in the metastasis paradigm [4]. Their 
theory states that the dissemination of cancer sits on a 
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biological spectrum existing between localized and systemic 
disease; at the time of diagnosis, metastatic cancer can be 
at an intermediate state where there are limited number of 
metastases and metastatic sites. At this point, the clones that 
give rise to these lesions have not yet acquired their full 
metastatic potential [5]. There is a growing body of evidence 
demonstrating that it is possible to improve progression-free 
survival (PFS), cancer-specific survival (CSS) and overall 
survival (OS) by offering aggressive treatments to patients 
while in this limited oligometastatic state [6].

However, despite the increasing acceptance of the con-
cept of oligometastases, the accepted number and sites 
of metastases that count as being oligometastatic are still 
widely debated amongst experts in the field [6]. At the recent 
Advanced Prostate Cancer Consensus Conference 2017, a 
panel of 61 invited experts from 21 countries convened to 
discuss this controversial topic; however, they were una-
ble to reach a consensus on the limits of the disease state. 
Regarding the sites of metastasis which would be included 
in oligometastatic prostate cancer, 61% of the panel voted 
for the inclusion of bone and/or lymph node, 10% for lymph 
node only, 13% for any location (including visceral metasta-
sis), and 10% did not support the concept of oligometastases 
[7]. Out of the supporters for oligometastatic disease, a vote 
was cast for the cut-off number of metastases before the dis-
ease was no longer deemed oligometastatic. 14, 66, and 20% 
voted for ≤ 2 metastases, ≤ 3 metastases, and ≤ 5 metastases, 
respectively. There are also further variations to oligometa-
static disease which are not contentious and include time 
of oligometastatic onset, whether the disease is synchro-
nous (identified at time of diagnosis) versus metachronous 
(appearance after the initial treatment of the primary tumor); 
and castration-naïve versus castration-resistant oligometa-
static disease [6]. Another complicating factor in defining 
oligometastases in prostate cancer is the ongoing advances 
in imaging technologies which have delivered greater sen-
sitivity and specificity. This has allowed metastatic sites 
which would not have been identified on traditional imaging 
modalities such as computed tomography (CT) and 99mTc-
Bone scan to now be seen on C-11 choline and prostate-
specific membrane antigen-based PET/CT. This means that 
the defining features of oligometastases regarding number 
and location are constantly changing. Patients who previ-
ously would have been diagnosed with localized disease may 
now be diagnosed with metastatic disease and be faced with 
the different therapeutic options that entails.

Despite the lack of consensus in the professional com-
munity regarding the exact definition of oligometastases in 
prostate cancer, it is important to further explore its sig-
nificance as a metastatic state. This involves understanding 
whether the oligometastatic lesions are due to cancer clones 
of limited metastatic potential which continue towards 
polymetastases once they have acquired further necessary 

mutations; or it may be a completely unrelated entity to poly-
metastases. This review aims to demonstrate the rationale for 
supporting the oligometastatic state and present the current 
literature regarding the genetic landscape that potentially 
determines oligometastases in castrate-naïve prostate cancer.

Clinical evidence for the existence 
of an oligometastatic state in cancers

There has been a growing body of clinical literature in sup-
port of the oligometastatic state concept whereby locally 
ablative therapies in limited metastatic patients have resulted 
in improved progression-free survival and potential cure. 
Before this concept was introduced into the field of prostate 
cancer, a majority of the work was pioneered in other fields 
including colorectal and lung cancer.

Support for the concept of the oligometastatic state arose 
from studies investigating the benefits of liver resections 
for metastases in colorectal cancers. Reports from multi-
ple centers demonstrated 5-year survivals of 23–39% for 
patients who underwent complete resection of detectable 
liver metastases [8–12]. This is especially remarkable given 
that patients with unresected liver metastases have a median 
survival of 6–9 months at the time [13, 14]. Kanas et al. 
performed a meta-analysis on 60 contemporary published 
studies from 1999 to 2010 that demonstrated median 5- and 
10-year survival rates of 38% and 26%, respectively, with 
liver metastasis resection [15]. The culmination of these 
studies has led the European Society for Medical Oncology 
to release a consensus statement recognizing the oligometa-
static state in colorectal cancers [16].

Additionally, investigation into the resection of pul-
monary metastasis contributed to building support for the 
oligometastatic state early in its conception. The Interna-
tional Registry of Lung Metastases was first established in 
1991 comprising of 18 institutions across Europe and North 
America. Their aim was to collect information regarding 
long-term outcomes of lung resection for metastases; these 
included metastases arising from primary tumors of epithe-
lial, sarcoma, germ cell, and melanoma origins. In 1997, 
they published the results of 5206 cases of lung metasta-
sectomy; 4572 of these cases achieved complete resection, 
while 634 had either macroscopic or microscopic residual 
disease [17]. Due to this difference, an interesting variation 
in 5-year survival was observed; 36% for complete resec-
tion versus 13% for incomplete resection. This distinction 
was also seen in 10-year survival rates of 26% and 7% for 
complete and incomplete resection, respectively.

Non-small-cell lung cancer (NSCLC) is another area in 
which the oligometastatic state has gained significant trac-
tion. This is not surprising as approximately 20–50% of 
newly diagnosed NSCLC patients present with metastatic 
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disease and the median OS for these patients is 7–11 months 
[18, 19]. This recognition of the oligometastatic state is 
reflected in the recent ESMO Clinical Practice Guidelines 
for Metastatic NSCLC as it is stated that patients with soli-
tary metastases to the brain, adrenals, or lung can be treated 
with curative intent [19]. The review by Pfannschmidt et al. 
highlights this notion in the treatment of solitary brain 
metastases in NSCLC observing a median OS after resection 
across 8 studies of 7–27 months, and 5-year survival rates 
of 8–21% [18]. This is in comparison to the meager median 
overall survival of only 1–2 months for untreated brain 
metastases [20]. Gomez et al. conducted a multicenter, ran-
domized, controlled, phase 2 study comparing local consoli-
dative therapy (chemotherapy combined with surgery and/
or radiotherapy) to standard-of-care maintenance treatment. 
This trial was terminated early on annual analyses as the 
local consolidative therapy group had significantly longer 
median progression-free survival relative to the maintenance 
treatment group (11.9 versus 3.9 months, p = 0.0054) [21]. 
Recently, similar results were also seen in the randomized 
phase 2 study by Iyengar et al. [22]. They demonstrated sig-
nificant improvements in patients undergoing non-invasive 
stereotactic ablative radiotherapy followed by maintenance 
chemotherapy compared to maintenance chemotherapy 
alone (9.7 versus 3.5 months, p = 0.01).

After the pioneering work across multiple cancers inves-
tigating the resection of metastases from liver, lung, and 
brain, as well as its acceptance by experts in those fields, a 
path was created to explore the oligometastatic theory in the 
field of prostate cancer.

Local treatment of oligometastases 
improves clinical outcomes in prostate 
cancer

Conventionally, radical prostatectomy and external beam 
radiotherapy (EBRT) have only been offered with curative 
intent in patients with localized prostate cancer due to the 
morbidity involved [3]. This standard is slowly evolving 
as the concept of treatable oligometastases is becoming 
increasingly accepted; as well as advancements in therapeu-
tic technologies and techniques in prostate cancer leading to 
much lower associated morbidity [5, 23]. These techniques 
are mainly minimally invasive surgeries and stereotactic 
body radiotherapy (SBRT). Like other cancers, there are a 
growing number of studies supporting the treatment of lim-
ited metastatic disease as evidence is showing improved PFS 
and delayed onset of castration resistance [6, 24].

Culp et al. utilized the population-based registries data 
gathered in the Surveillance Epidemiology and End Results 
(SEER) database to identify 8185 men with stage IV meta-
static prostate cancer at time of diagnosis between 2004 and 

2010 [25]. These men were divided into groups pertaining to 
radical prostatectomy, brachytherapy, and no surgery/radia-
tion therapy. Culp et al. demonstrated 5-year OS of 67.4% 
in radical prostatectomy and 52.6% in brachytherapy; this 
was significantly higher than the 22.5% in the no surgery/
radiation therapy cohort. These results were also mirrored in 
the Munich Cancer Registry data. Out of 1538 patients with 
newly diagnosed metastatic prostate cancer, the patients who 
underwent radical prostatectomy had significantly higher 
5-year OS rates of 55% compared to 21% of those who did 
not have local surgical treatment (p = < 0.01) [26]. Limita-
tions of these studies included not being able to fully control 
for selection bias as certain variables were unavailable in 
these cancer registries such as comorbidities, performance 
status, as well as timing/dosage of chemotherapy and/or 
ADT. Nonetheless, these results assisted in paving the way 
for further research into local-directed therapies in meta-
static prostate cancer.

One of these studies by Heidenreich et al. in 2015 investi-
gated whether there was any value in performing cytoreduc-
tive radical prostatectomy for prostate cancer patients with 
3 or fewer osseous metastases. A total of 23 patients were 
included in their treatment arm, while another group with 
matching clinical, biological, and oncological characteristics 
was assigned as controls. In comparison between treatment 
and control groups, this study demonstrated longer median 
time for the development of castration resistance (40 versus 
29 months, p = 0.032) and improved clinical PFS (38.6 ver-
sus 26.5 months, p = 0.032), and CSS (95.6% versus 84.2%, 
p = 0.043) [27]. Cho et al. explored a similar question in 
140 metastatic prostate cancer patients using localized radio-
therapy to treat the primary tumor compared to no localized 
treatment. They found that the radiotherapy cohort had better 
3-year OS (69% versus 43%, p = 0.004) and biochemical PFS 
(52% versus 16%, p = 0.002) [28], which highlights once 
again the existence of a limited stable metastatic disease 
state in prostate cancer and the benefits of primary tumor 
control.

In addition to primary tumor control, metastases-directed 
therapy with surgical salvage lymph node dissection or radi-
otherapy modalities can also be employed. In the review by 
Koo et al., three studies into salvage lymph node dissec-
tion in oligometastatic prostate cancer were assessed. It was 
reported that up to 29, 52, and 89% achieved biochemical 
recurrence-free survival, PFS, and CSS, respectively [24]. 
The results from studies on the use of radiotherapy modali-
ties, such as EBRT and SBRT, for metastases-directed treat-
ment in oligometastatic prostate cancer were also reported by 
Koo et al. and Tosoian et al. It was found that SBRT has the 
ability to demonstrate local control rates up to 92% at 5-years 
and 5-year OS of up to 88% [6, 24]. A recent prospective, 
randomized, multicenter trial described by Ost et al. inves-
tigated the potential benefits of metastases-directed therapy 
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in patients with up to three extracranial metastases who have 
already received localized treatment with curative intent. 
The median ADT-free survival for the metastases-directed 
therapy group was 21 months compared to 13 months for the 
surveillance group [29].

Clinically, the growing body of literature reporting the 
use of local- and metastases-directed therapies against meta-
static prostate cancer and demonstrating improved survival 
indicators only strengthens the existence of a stable, limited 
metastatic state. By implementing aggressive treatments at 
this metaphoric ‘pause’ in metastatic progression, it is pos-
sible that the responsible oligometastatic cancer clones with 
limited metastatic potential are eliminated. This essentially 
resets the disease to an earlier time point on the metastasis 
spectrum requiring the remaining low-metastatic-potential 
cancer clones to reacquire metastatic mutations before the 
disease can continue to advance. With the clinical rationale 
for such a state being explored, it is only natural that genetic 
and biological studies follow.

A genetic viewpoint on the formation 
of oligometastatic disease

The development of metastasis and the genetic relation-
ship between metastatic sites is a contentious issue. There 
are currently two contrary explanations for the existence of 
an oligometastatic state. The first posits that oligometasta-
ses have clones originating from the primary site of can-
cer which possess unique genetic differences compared to 
polymetastatic disease; therefore, aggressive control of the 
primary will prevent further development and dissemination. 
The second theory proposes that oligometastatic disease is 
a transient stable state before developing into a polymeta-
static state, with foundation oligometastatic sites continuing 
to ‘self-seed’ further metastases throughout the body. The 
first theory suggests that a distinction between oligometa-
static and polymetastatic disease is encoded on the genetic 
level before metastatic spread occurs; whereas the second 
theory, which has become more widely accepted, suggests 
that metastasis is a multi-step process with ongoing muta-
tional evolution occurring at the site of oligometastases, thus 
leading to the development of polymetastatic disease. Unfor-
tunately, no current studies addressing genetic alterations 
in oligometastatic disease have been able to demonstrate 
which mechanism is correct, although they are not neces-
sarily mutually exclusive. This highlights a significant gap 
in the current understanding of oligometastases; not only for 
prostate cancer, but for the field of cancer as a whole.

Additionally, as it has been proposed that oligometastatic 
states can have different origins, it follows that each different 
class would have distinct genetic characteristics. Tree et al. 
separated oligometastatic patients into three distinct groups; 

synchronous, metachronous, and patients whose oligometa-
static disease is the result of cytoreductive therapy applied 
to polymetastatic sites [30]. Each of these oligometastatic 
subtypes would have distinct genetic drivers, each reflect-
ing their clonal origins from differing disease stages and the 
impact of various treatments.

Oligometastases as a genetic staging 
ground for further metastatic spread

Despite the number of challenges involved in the genetic 
analysis of oligometastatic lesions, several studies have 
attempted to reveal the genetic landscape of oligometasta-
ses. Studies in pancreatic cancer showed that oligometastatic 
sites were largely genetically identical to primary tumors, 
while unique genetic differences were demonstrated as the 
disease progressed towards a polymetastatic state [31, 32]. 
Further evidence of oligometastases as a metastatic stag-
ing ground has been seen in clear-cell renal carcinoma. A 
study by Gerlinger et al. showed that many metastatic sites 
had ancestral clones from the primary tumor, while some 
sites seemed to show ancestral origins from other metastatic 
lesions [33]. It should also be noted that tumor cells in poly-
metastatic clear-cell renal carcinoma patients compared to 
those with oligometastatic disease expressed higher levels 
of PBK, BIRC5 and PTTG1. These proteins are responsible 
for cell division and proliferation, potentially indicating the 
acquisition of mutations required for polymetastatic disease 
[34]. Accordingly, each of these findings supports the notion 
that oligometastatic sites are clonally similar to the primary 
and serve as an intermediate stage for polymetastatic dis-
ease. Further support for the concept of differential molecu-
lar subtypes for distinct metastatic states has been provided 
by Pitroda et al. who performed multivariable genome-wide 
analysis investigating genetic subtypes of oligometastatic 
sites in the liver of colorectal cancer patients. They were able 
to successfully identify genetic differences between patients 
with oligo- and polymetastatic disease, and were successful 
in subtyping liver metastases based on clinical outcomes 
[35]. Polymetastatic tumors exhibited VEGFA amplification 
in concert with stromal, mesenchymal, and angiogenic sig-
natures, or alternatively had unique NOTCH1 and PIK3C2B 
mutations with E2F/MYC activation [35].

Possibly, the most significant advance in recent years 
regarding understanding the molecular differences between 
oligometastatic and polymetastatic disease is the identifica-
tion of the role of microRNAs in the development of metas-
tases. A study conducted by Lussier et al. on 63 metastatic 
lung cancers compared the microRNA expression profiles 
between oligometastatic and polymetastatic patients; they 
were able to identify unique microRNA expression profiles 
for both oligometastatic and polymetastatic patients. Further 
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refinement resulted in a panel of 29 microRNAs that was 
able to clearly separate oligometastatic and polymetastatic 
patients [36]. A pilot study investigating in part whether 
microRNAs can be used as a prognostic marker of response 
to SBRT in oligometastatic lung cancer patients found that 
a 3-microRNA classifier could significantly separate OS 
of > 3 years in their cohort. However, due to small sample 
size, these data are not particularly strong and require further 
validation [37]. While this indicates that differences exist in 
the microRNA profiles between oligometastatic and polym-
etastatic diseases, its clinical utility remains unclear.

Interestingly, almost all microRNAs that have been found 
to be overexpressed in oligometastatic samples compared 
to polymetastatic sites have tumor-suppressive proper-
ties affecting proliferation, epithelial mesenchymal transi-
tion (EMT), invasion, and motility [38]. This suggests that 
microRNAs are directly involved in preventing the develop-
ment of polymetastatic disease. miR-29c and miR-655 have 
been observed in separate studies to both be upregulated in 
oligometastatic disease compared to polymetastatic disease, 
suppressing metastatic potential by targeting genes required 
for TGF-β-induced EMT [39, 40]. microRNAs upregulated 
in oligometastatic sites have been shown to exert tumor-
suppressing effects through a number of mechanisms. 
miR-125a has been shown to down-regulate kinases that 
are responsible for increased cell invasion [41], miR-485 
has been shown to prevent cancer cell migration through 
the inhibition of colony formation in vitro [42], and in vivo 
investigations of miR-296 have shown that it also reduces 
cancer cell mobility with loss of miR-296 causing increased 
cancer cell invasiveness [43]. Moving away from tumor sup-
pressors, an interesting group of three microRNAs belonging 
to the mir-200 family were detected to be upregulated in 
polymetastases by a group from the University of Chicago. 
They explored the hypothesis that by upregulating certain 
microRNAs, it might be possible to switch the tumor pheno-
type from oligometastatic to polymetastatic; they tested this 
using oligo- and polymetastatic clones in mouse melanoma 
B16 and human MB-435 breast cancer models [38]. They 
found that the overexpression of mir-200c led to a switch 
from oligometastases to polymetastases, and that these cells 
had higher metastatic potential. This finding regarding mir-
200c is also supported by two further studies in breast cancer 
models [44, 45].

Taken together, these studies show that microRNAs may 
have a profound effect on the metastatic state. As such, it 
would imply that if oligometastatic disease is a transient 
state before the development of more extensive polym-
etastatic disease, then changes in the expression levels of 
certain microRNA expression would be an important stage 
in the evolution of polymetastatic disease. If true, then a 
microRNA profile of metastatic sites may serve as a use-
ful prognostic marker in metastatic cancer patients at risk 

of polymetastatic disease progression. However, the clini-
cal translation of microRNA assays into the diagnostic and/
or prognostic setting has been fraught [46], the main con-
founder being the lack of specificity of microRNA expres-
sion to the disease setting.

The challenges facing the genetic 
investigation of oligometastatic prostate 
cancer

Like many other cancers, a genetic signature of oligometa-
static prostate cancer has yet to be established due to a lack 
of research. These analyses in prostate cancer are particu-
larly challenging due to the high levels of inter-patient and 
intratumoral genetic heterogeneity that are characteristics 
of the disease. The subclonal origins of metastatic pros-
tate cancer were investigated in great depth by Hong et al. 
which showed that metachronous metastatic prostate cancer 
could arise from any number of clones in the heterogeneous 
primary disease, not just the dominant clone. Additionally, 
the authors demonstrated cross-seeding between metastatic 
sites as well as metastatic self-seeding; therefore, leading to 
dynamic remodeling of subclonal mixtures and further sup-
porting the dynamic nature of the development of metastatic 
disease [47]. As this study utilized longitudinal and multi-
region sampling of metastases, it represents the metachro-
nous nature of metastatic prostate cancer following treatment 
of localized prostate cancer with curative intent. Given that 
these patients did not receive metastatic-directed therapy, 
additional longitudinal genetic investigations are required in 
metastatic-direct therapy patients to further understand the 
genetic landscape of metachronous oligometastatic prostate 
cancer. Metastatic prostate cancer shows a strong prefer-
ence for metastasising to bone [48], potentially indicating 
the microenvironmental requirements for the development 
of polymetastatic disease. While there remains much work to 
be completed in the genetic investigation of prostate cancer 
oligometastases, answering these questions is an important 
step towards better treatment practices, with highly evident 
clinical benefits.

The role of metastatic cell dormancy 
in oligometastatic disease

The concept of undetected dormant metastatic cells in can-
cer, including prostate cancer, is not a new theory. Research 
into tumor cell dormancy, also known as micrometastasis, 
spans back over four decades [49]. The majority of can-
cer cells that have migrated away from the primary tumor 
appear to lack the metastatic potential to effectively colo-
nize a distant site and in several cancer types, single cancer 
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cells can be detected in blood and bone marrow years before 
metastatic tumors are detected [50]. Similarly, it has been 
demonstrated in prostate cancer that once cancer cells have 
implanted into the bone microenvironment, BMP7 secreted 
from the bone stromal cells induces metastatic cell senes-
cence [51]. Despite this dormancy, some studies have found 
the presence of micrometastasis to be significantly associ-
ated with poorer clinical outcomes [50, 52].

Due to its dormant nature as well as its potential to be 
widely dispersed and linked to adverse disease outcomes, 
it is currently unclear whether micrometastasis is more 
reflective of oligometastases or early stages of polymeta-
static disease. The potential impact of micrometastasis on 
the outcomes of oligometastatic disease is an important area 
for further investigation, especially as it is possible that the 
same mechanisms that create small, dormant metastatic 
sites may also be the cause of the slower growing properties 
related to oligometastatic sites and their restricted metastatic 
potential.

Conclusion

Overall, the evidence surrounding oligometastases, espe-
cially in hormone-sensitive prostate cancer, is continually 
growing and generating greater interest. At this point in 
time, there is no consensus in the scientific or clinical com-
munity for the exact definition in prostate cancer regarding 
the number and sites of oligometastatic lesions. This is likely 
to be an ongoing issue, with consequent uncertainty in deter-
mining the appropriate standard of care for these patients, 
especially as imaging techniques develop with greater sen-
sitivity and specificity. However, if a specific genetic profile 
that is unique to the oligometastatic state is identified, this 
could potentially permit the development of a clinical diag-
nostic test. This will be pivotal as current evidence paints a 
picture that oligometastases relates to a stable time point in 
metastatic progression, a metaphoric ‘pause’, where aggres-
sive treatment to the primary tumor and oligometastatic sites 
has the potential for clinical benefits. This may ‘reset’ the 
clock on disease progression and increase rates of stable 
metastatic disease. Additional studies will be required to 
further elucidate the oligometastatic state and its treatment.
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