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Abstract: The definition of oligometastatic prostate cancer (OMPC) includes a heterogenous group of
disease states, mostly defined by the number and site of metastases, which seems to be biologically different
to widespread tumors. Evidence suggests a substantial survival benefit for this subgroup of limited metastatic
burden which is currently seen as a potentially curable disease and therefore with an increasing interest in
the scientific community. As there is still no consensus on the definition of OMPC, commonly used criteria
are based on the CHAARTED and LATTTUDE trials. The management algorithms for these patients were
rapidly changing in the past decade due to recent data with a paradigm shift to a multimodal intensification
of the treatment by the availability of combinations of hormonal therapy with taxane-based chemotherapy
and androgen-receptor-targeted agents leading to significant improvement of clinical outcomes. In addition,
radiotherapy of the primary tumor is associated with significant survival benefit in patients with OMPC
establishing a new arm in the multimodal treatment concept. Recent data on metastases directed therapy
and cytoreductive prostatectomy showed promising results, while there is still a lack of prospective trials and
therefore should be limited to experimental settings. The purpose of this review is to summarize and discuss
the existing data on treatment of OMPC.
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Introduction different time intervals (4-6). However, the biology of the

oligometastatic stage is still yet not well understood.

Hellman and Weichselbaum first came up with the . . ,
Although the term ,oligometastatic prostate cancer

hypothesis of an oligometastatic status as a subgroup of (OMPC) is widely used, there is no consensus on its

patients with a limited number of detectable metastases definition (7). In recent studies OMPC was defined by

and still being a potentially curable disease (1,2). Moreover,
genomic data from other tumors suggests biological
differences between limited metastatic lesions and widely
spread cancers (3). Current treatment options also rely on
the assumption that the primary tumor can activate distinct
progenitor cells to prepare the metastatic niche and that

intraprostatic tumor cells can send metastatic clones at
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specific numbers of metastases and involved sites while the
onset of metastasis (de novo versus vs. recurrent) or previous
systemic therapy (hormone-sensitive vs. castration-resistant)
are still matter of debate (8,9). Also, detection of metastases
varies across different imaging modalities, while bone scan
and computed tomography of the abdomen represent the
most common staging methods.
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Treatment options of OMPC increased significantly
in the past decade, as hormonal therapy combined with
androgen receptor-targeted agents or chemotherapy became
the new standard (10). Moreover, local treatment of the
primary and of distinct metastases are promising approaches
for a multimodal therapy (11,12).

The goal of this review is to summarize the data of the
current literature and to assess which treatment represents
the current standard of care and what recent changes
should be administered. We present the following article in
accordance with the Narrative Review reporting checklist
(available at http://dx.doi.org/10.21037/tau-20-1033).

Oligometastatic prostate cancer: definition

There are several studies explicitly defining OMPC while
all use the number of metastases for definition, ranging
from three to five metastatic lesions while some of them
don’t take metastatic site into account (13-18). These
studies mostly used 18F-fluorodeoxyglucose (FDG) or
11C-choline PET with co-registered CT. Gandaglia et al.
found that the metastatic site plays an important role on
survival in patients with metastatic PCA, which should be
considered for the definition of OMPC (19).

Because of the lately in detail investigated effect of
different treatment options on patients differentiated
by their tumor burden (low and high risk/volume) two
widely used definitions rely on the LATITUDE (20) and
CHAARTED (21) criteria. According to LATITUDE the
presence of at least two or more of the following criteria
define a high-risk tumor: three or more bone metastases,
visceral metastases and ISUP grade 4 or higher (20). The
CHAARTED trial defined the presence of four or more
bone metastases including at least one outside the axial
skeleton (vertebral column or spine) or visceral metastases
as patients with high volume disease (21). These two
definitions are also used in the guidelines on prostate cancer
of the European Association of Urology (10). In this review
the definition of OMPC is leaned on the mentioned low-
risk and low volume criteria in the hormone-sensitive
situation (either de novo or recurrent disease).

Moreover, the influence of improved detection rates for
metastases through newer imaging techniques such as 68Ga-
PSMA-, 18F-PSMA- and 18-F-flucliclovine — PET/CT on
the definition of OMPC remains unclear. Based on these
modalities OMPC might be defined differently in the
future, e.g., as not only the number of lesions but also the
lesion size or the standardized uptake value (SUV) could be
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taken into account.

ADT-based combination: a new standard

Androgen deprivation therapy (ADT) represented the
standard of care for hormone-sensitive metastatic prostate
cancer (mHSPC) for about 50 years (10). In the past decade
several studies showed a significant improvement of survival
for ADT-based combination therapies, e.g., with docetaxel
or new androgen receptor-targeted agents (ARTA).

The randomized phase 3 trials CHAARTED (22),
GETUG-AFU 15 (23) and STAMPEDE (24) investigated
the effect of adding docetaxel to ADT. The effect was
shown to be most evident in men with de novo metastatic
high volume disease in the first two trials, while a post-
hoc analysis of the STAMPEDE collaborators revealed
an equivalent benefit no matter the metastatic burden. A
recent systematic review and meta-analysis on the benefit
of docetaxel including CHAARTED, STAMPEDE arm C
and the GETUG trial showed an improved survival with an
HR of 0.77 and an absolute improvement in 4-year survival
of 9% (21,23,25,26). Also the other clinical endpoints
progression free survival [HR 0.62 (CHAARTED)] and
time to castration resistance [HR 0.61 (CHAARTED)] were
significantly improved by adding docetaxel (21).

The LATTTUDE trial (27) and arm G of STAMPEDE (28)
investigated the effect of adding abiraterone acetate to
ADT in mHSPC. LATTTUDE only included high-risk
mHSPC, while STAMPEDE also investigated patients
with low volume disease, high risk localized disease and
patients with nodal recurrence after radical prostatectomy.
Both trials observed significant improvement in OS with a
HR of 0.62 [LATITUDE (27)] and 0.61 [STAMPEDE,
metastatic subgroup (28)]. A post-hoc analysis from
STAMPEDE showed significant improvement of OS
and failure free survival (FFS) for patients with low-risk
mHSPC receiving ADT + abiraterone compared with
ADT alone with hazard ratios (HR) for OS and FFS of
0.66 and 0.24, respectively (29). They also showed an
improvement in survival of 6% (83 % wvs. 77%) at three years
compared with ADT alone in low-volume disease according
to the CHAARTED-criteria (HR 0.64) (21,29). Similar
to the results on docetaxel all secondary objectives (PES,
time to radiographic progression, time to pain, time to
chemotherapy) favoured the combination with abiraterone.

New androgen receptor (AR) antagonists were evaluated
in three large RCTs: ENZAMET (30), ARCHES (31)
and TITAN (32). Enzalutamide and apalutamide
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Treatment Median OS (months)
Trial Sample size HR for Death (95% Cl)
Intervention Control Intervention Control
CHAARTED (21) 790 ADT + Docetaxel ADT 57.6 47.2 0.72 (0.59-0.89)
STAMPEDE (arm C) (24) 1,086 ADT + Docetaxel ADT 59.1 43.1 0.81 (0.69-0.95)
LATITUDE (27) 1,199 ADT + Abiraterone ADT 53.3 36.5 0.66 (0.56-0.78)
STAMPEDE (arm G) (28) 1,917 ADT + Abiraterone ADT Not reached 48 0.63 (0.52-0.76)
ENZAMET (30) 1,125 ADT + Enzalutamide ADT Not reached Not reached 0.67 (0.52-0.86)
TITAN (32) 1,052 ADT + Enzalutamide ADT Not reached Not reached 0.67 (0.51-0.89)
ARCHES (31) 1,150 ADT + Apalutamide ADT Not reached Not reached 0.81 (0.53-1.25)

OS, overall survival; HR, hazard ratio; Cl, confidence interval; ADT, androgen deprivation therapy.

significantly improved OS and radiographic PFS while
all trials had sufficient numbers of low volume disease.
Moreover, patients with prior local treatment and recurrent
disease represented 25%, 40% and 16% in ARCHES,
ENZAMET and TITAN. The 3-year survival rate
increased by 8% (80% wvs. 72%) for the enzalutamide
arm (HR for OS 0.67) and by 10% for the 2-year
survival rate for the apalutamide group (HR for OS 0.67)
compared to the standard of care (30,32). By choosing
radiographic progression free survival as the primary
endpoint in ARCHES (31) the median follow-up was
shorter compared to ENZAMET (30) (19 vs. 34 months),
which should be considered when comparing both trials. A
relevant difference of TITAN to the other RCTSs was, that
patient inclusion criteria consisted consisted of at least one
metastatic lesion on bone scan with no regard to visceral
or nodal spread. Table 1 summarizes the findings of the
mentioned RCTs.

It is of important note that all aforementioned trials
mainly included patients with de novo metastatic disease.
Derived from these results ADT-based combination therapy
with docetaxel, abiraterone or new AR antagonists was
defined as the new standard for patients with mHSPC and
should be offered to all patients presenting with both, de
novo or recurrent OMPC, although current data is most
evident for de novo mHSPC (10).

Which ADT-based combination is the best?

There remains a dilemma which regimen should be
preferred for patients presenting with OMPC in the
hormone-sensitive situation while, to date, published
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data indicates almost similar efficacy for all substances
and a prospective head-to-head comparison of any of the
recommended treatment options is still missing. Hence,
the decision relies on the duration of treatment, adverse
effects and the patients’ comorbidities. Docetaxel is
usually administered every 3 weeks for 6 (up to 10) cycles,
whereas abiraterone (plus prednisone), enzalutamide
and apalutamide are recommended daily until disease
progression or necessarity of change of antineoplastic
therapy with a median time on treatment of approximately
33 (abiraterone) and 30 months (enzalutamide) (21,31,33).
The median time of PFS for apalutamide was still not
reached, but in our opinion will be most likely in the same
range of 2.5 years as efficacy results were quite similar to
abiraterone and enzalutamide (32).

Adverse events in combination with patients’
comorbidities and consecutive contraindications might
play the most important role in the decision-making
process. Docetaxel was found to be associated with a higher
incidence of acute Common Toxicity Criteria of Adverse
Events (CTCAE) grade 3/4 (29.6% in CHAARTED
and 52% in STAMPEDE) as well as abiraterone (63 %
in LATITUDE and 47% in STAMPEDE) compared to
the ADT alone group (47% in LATITUDE and 33%
in STAMPEDE) (21,26-28). To name as an example
febrile neutropenia occurred in 15% of the patients in
STAMPEDE (26). In contrast, apalutamide showed
almost equivalent rates of CTCAE grade 3/4 events
(42.2% in TITAN) compared to the control group
(40.8% in TITAN) (32). Enzalutamide had indistinct
results for adverse events in ARCHES and ENZAMET,
as CTCAE grade 3/4 events were recorded for 24.3% in
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ARCHES (control group 25.6%) and 57% in ENZAMET
(control group 43%). This fact could be explained by the
differing study design as in ENZAMET 45% of patients
in the interventional group were treated with docetaxel
simultaneously, whereas ARCHES used enzalutamide only
in the interventional arm (30,31). Hence, the combination
of docetaxel and enzalutamide does not represent a
therapeutic standard, as combined toxicity might limit the
treatment.

Nevertheless, across the available agents the toxicity
profile is quite different. Abiraterone plus prednisone
mainly causes hypertension, hypokalemia, cardiovascular
disorders and elevated liver enzymes, whereas
enzalutamide is known for side effects related to the
central nervous system (incl. seizures), vascular disorders
(incl. myocardial ischemia) and fractures (partly due
to an increased rate of falls) (34). The TITAN trial
detected dermal rash, fracture and hypothyroidism as
most relevant adverse effects of apalutamide (32). In
contrast, docetaxel can cause fatigue, bone marrow
suppression and neurotoxicity. The aforementioned
trials all reported quality of life (QOL) data separately
with different assessments such as the Functional
Assessment of Cancer Therapy — Prostate (FACT-P),
FACT-taxane, Functional Assessment of Chronic
Illness Therapy — Fatigue (FACIT-F) or the Brief
Pain Inventory — Short Form (BPI-SF) scores during
the trial. FACT-P for enzalutamide and apalutamide
remained almost stable and similar to the control
group over time (31,32). A meta-analysis of abiraterone
vs. docetaxel favoured abiraterone in terms of QOL
outcomes and radiographic PFS (35).

In summary, as comparative data is still missing, the
decision of which option should be chosen remains an
individual decision regarding patients preferences and
comorbodities. Based on the available data to date,
abiraterone should be chosen over docetaxel, if patients
are feasible. As apalutamide seems to have less severe
adverse events, it represents a good alternative for
multimorbide patients.

There are several ongoing phase 3 trials addressing
the mHSPC setting, of which results are expected in the
next 5 years {SWOG-1216 [NCT01809691], PEACE-1
[NCT01957436], STAMPEDE arm J [NCT00268476],
ARASENS [NCT02799602]}. These will possably establish
new standards in the treatment of OMPC, although, to
our knowledge, currently no ongoing RCT investigates
the efficacy of the available agents in a head-to-head
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comparative design.

Therapy of the primary tumor

We know from other tumor entities, such as metastatic
breast cancer, ovarian cancer or renal cell carcinoma,
that overall survival (OS) of selected patients improves
from cytoreductive surgery (36-38). Early preclinical
investigations in animal models revealed a similar survival
benefit for surgical extraction or radiotherapy of the
primary tumor with reduced angiogenesis in distant lesions,
arising to a hypothesis of an abscopal effect (effect away
from target) of local therapy (39,40). This hypothesis was
later underlined by several studies, which found that the
primary tumor can also influence the development of a
,premetastatic niches‘ (4,41-43). The primary tumor might
induce the preparation of these for metastases receptive
microenvironments by recruiting bone marrow-derived
cells via cytokine secretion (4,41-43).

Several retrospective studies first revealed a comparable
effect in patients with metastatic prostate cancer. Rusthoven
et al. evaluated the National Cancer Database in the USA
with a systematic a priori defined statistical analysis. They
showed in univariate and multivariate analysis an improved
OS (53 vs. 29 months) for patients treated with radiotherapy
(RT) additionally to ADT versus patients with ADT
alone. Moreover, a propensitiy score analysis including
537 patients redemonstrated similar results for the RT
group (44). Interestingly patients with very high risk cancer
(Gleason score 9-10 or T4-stage) had significantly worse
benefit of local treatment of the primary (P=0.009) (44).

A retrospective study of the Surveillance Epidemiology
and End Results database (SEER) showed equivalent
results with improvement of survival and cancer specific
mortality for patients with local treatment, either RP or
brachytherapy with a favorizing tendency for the surgical
approach. 5-year OS was significantly higher in patients
undergoing RP (67.4%) or brachytherapy (52.6%) versus
no local therapy (22.5%) (45).

Retrospectively analyzed data from the Munich cancer
registry (46), the Swedish prostate cancer database (47) and
the National Cancer Database (48) indicated similar results
for de novo mHSPC.

Two recently published RCTs addressed the RT of
the primary tumor in de novo mHSPC and reshaped
the treatment guidelines. Table 2 illustrates the results of
both trials.

The HORRAD trial included 432 patients with primary
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HORRAD (49) STAMPEDE (11)
Parameter
ADT ADT + RT ADT ADT + RT
Sample size (n) 216 216 1029 1032
Low volume (%) 41 33 42 43
Median OS (months) 43 45 41.6 42.5

HR (95% CI), all patients

HR, low volume

0.90 (0.70-1.14)
0.68 (0.42-1.10)

0.92 (0.80-1.06)
0.68 (0.52-0.90)

ADT, androgen deprivation therapy; RT, radiotherapy; OS, overall survival; HR, hazard ratio; Cl, confidence interval.

bone metastases randomized into ADT alone or ADT + RT
to the primary tumor of the prostate (50). In this trial there
was no significant benefit for the RT arm in terms of OS,
but the majority of the eligible patients had a high metastatic
burden: 63% had >5 bone metastases and the median
PSA prior to randomization was 145 ng/mL. Patients
with less than 5 bone metastases showed a trend favoring
RT (HR 0.68, P>0.05) (50). In the same year data from
the multi-arm-multi-stage trial of STAMPEDE (arm H)
were published, which randomized 2061 patients with de
novo mHSPC into standard of care (including docetaxel
by the end of 2015) = RT (11). The RT arm showed no
beneficial effect for the whole study population, whereas
a significant advantage was shown for selected patients
with low metastatic burden defined as less than four bone
metastases in the axial skeleton and no visceral metastases
according to the CHAARTED criteria. The patients had
a median initial PSA of 97 ng/mL and a median follow-
up of 37 months. The 3-year survival rate was improved by
8% from 73% to 81% in the RT—group vs. the control
group (HR 0.68, P=0.007) for patients with low burden (11).
Nevertheless, only 18% of included patients received one of
the current standards of a chemohormonal therapy and RT
excluded lymph nodes in the pelvis. This should be taken
into account, although RT is strongly recommended for
patients with de novo OMPC.

As RT appeared to be of crucial benefit for de novo PCA
with low metastatic burden the question arises if surgical
treatment can not only improve survival in the same way
but also avoid local complications due to local progression
of the tumor. Retrospective data on the surgical approach
underline this hypothesis (45-47,51,52).

Feasibility and safety was evaluated by Sooriakumaran
et al. in an multi-institutional analysis in 106 patients.
Although data was collected in a nontrial setting, reported
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continence rates after RP was 64.4% and total complications
at 90 days after surgery were 20.8%, similar to reported
data in a large meta-analysis on RP (53,54).

Heidenreich et 4/. compared ADT vs. ADT +
cytoreductive radical prostatectomy (cRP) including
23 highly selected patients with good response to neoadjuvant
ADT and a low metastatic burden (51). They showed a
benefit in median cancer specific survival and PFS of 47 and
38.6 months in the cRP group vs. 40 and 26.5 months in the
ADT only group. No major complications were observed,
minor complications occurred in 23.7% of patients and
91.3% were continent (51). Another multiinstitutional
retrospective trial with 113 OMPC-patients underlined
these results and confirmed the preoperative PSA as
a strong predictor for biochemical PFS as well as the
postoperative PSA-nadir for OS. Best results were found
for a preoperative PSA serum concentration less than
1.0 ng/mL (P=0.0004) after neoadjuvant ADT and a PSA-
nadir of less than 0.1 ng/mL (P=0.0003) (52). In this
study Clavien-Dindo grade IIIa and IIIb complications
were reported in only 5.3% without any grade IV or V
complications, demonstrating the feasibility and safety (52).
Not surprisingly, rates of local complications (e.g., bladder
outlet obstruction, ureteric obstruction or pelvic pain) due
to local tumor progression were decreased after cRP (20%)
compared to RT (46.7%) or ADT alone (54.3%) (55).

Jang et al. demonstrated similar results for patients with
OMPC treated with robot-assisted radical prostatectomy
(RARP). Seventy-nine men with five or fewer bone
metastases and no visceral metastases were retrospectively
analyzed of whom 41 received ADT alone and 38 additional
cytoreductive RARP. Patients in the interventional
group had no urinary tract complications due to disease
progression compared to 26.8% in the ADT group.
Surgically treated patients showed improved PES (75 wvs.
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28 months, P=0.008) and cancer specific survival (median
not reached vs. 40 months, P=0.002) compared to the ADT-
alone group (56).

To date there are no prospective data on performing
surgery in men with OMPC. The prospective g-RAMPP
trial was initiated in 2015 but stopped after the results
of STAMPEDE were published because of ethically not
justifiable withhold of local treatment (NCT02454543). The
results of this trial are still pending. Other running trials
are studying the benefit of RT and cRP ws. various systemic
therapies (Clinical Trials.gov: NCT01751438, NCT02020070,
NCT02138721 and PEACE-1 NCT03678025) and the
results are expected in the next years to clearly clarify
the role of local therapy. As these are pending we believe
that cRP can be offered to highly selected patients at
experienced centres after interdisciplinary decision.

An interesting novel approach is investigated in a
recently started three-arm controlled trial (NCT03763253),
which randomises patients into standard of care (ADT
with or without chemohormonal therapy), minimally
invasive ablative therapy (SOC with high intensity focused
ultrasound) or radical therapy (SOC with cRP or RT). To
our knowledge this is the first trial to evaluate the benefit of
focal treatment for patients with OMPC. As results are not
expected before 2024 currently focal treatment for OMPC
should be performed only in an experimental setting.

Metastasis-directed therapy

In addition to local therapy metastasis-directed therapy
(MDT) is currently also a matter of debate. Besides the
treatment of local symptoms the rationale behind MD'T is
based on the findings of Gundem ez 4/., who found that not
only the primary tumor but also distinct metastases can be
the source for new metastases (6).

Quite recently, data from the ORIOLE trial evaluated
the effect of MDT in recurrent OMPC after prior
definitive treatment of the primary tumor with surgery
or radiotherapy (57). Fifty-four men with 3 or less
extracranial metastases were randomized in a 2:1 ratio
to receive stereotactic ablative radiotherapy (SABR) vs.
observation. They demonstrated good local control of the
treated metastases as well as improvement in median PFS
[not reached vs. 5.8 months (control group), HR 0.30,
P=0.002]. Moreover, SABR of all PSMA-PET/CT avid
lesions decreased the risk of new lesions at 6 months from
63% to 16% (P=0.006), although this was an observational
finding as only visible metastases on conventional imaging
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were treated (57). These results corroborate the findings of
Ost et al. who randomized patients with recurrent OMPC and
three or fewer metastases on choline PET/CT and showed
an increase of ADT-free survival from 13 to 21 months in the
MDT group with a stronger effect in patients with a rapid PSA
doubling time of less than 3 months (HR 0.38, P=0.06) (12).
Salvage lymph node dissection (SLND) for nodal
recurrent prostate cancer after radical prostatectomy
also represents a specific MDT and a therapeutic
alternative for OMPC with the advantage of possible
postponement of systemic treatment. In the largest series
of patients with SLND only 25% of men developed
clinical recurrence within one year after SLND. Fossati
et al. developed a novel risk stratification tool to predict
the benefit of SLND in patients with nodal recurrence,
which includes Gleason grade group, time from radical
prostatectomy to biochemical recurrence, number and
site involvement of nodal metastases, hormonal therapy
at the time of imaging and PSA level at SLND (58).
Porres er al. demonstrated, that the majority of patients
(62.2%) remained without ADT at a median follow-up of 21
months, leading to a possible benefit of postponing hormonal
therapy with less adverse effects and possibly postponed
castration-resistant status for well selected patients (59).
Likewise there are several ongoing studies on MDT of
which results are expected in the next few years and hopefully
will adress the requirement of MDT in de novo mHSPC.
Until then MDT should not be offered to patients with
OMPC as a standard except from experimental settings.

Conclusion

The past decade led to many new treatment options for
patients with de novo or recurrent hormone-sensitive
oligometastatic prostate cancer. At the current state
treatment intensification consisting of an ADT-based
combination is recommended for all patients presenting
with OMPC. As our understanding of the oligometastatic
status is growing, the importance of local therapy to the
primary tumor is significantly increasing, although data
from ongoing trials need to confirm novel treatment
columns. Promising results were found for metastasis-
directed therapy, albeit evidence is still lacking and therefore
it should only be used in an experimental setting.
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