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Review Article

Oligometastatic Prostate Cancer: Reality or Figment of 
Imagination?

Corey C. Foster, MD; Ralph R. Weichselbaum, MD; and Sean P. Pitroda, MD

The term “oligometastatic prostate cancer” refers to a heterogeneous group of disease states currently defined solely on the basis of 

clinical features. Oligorecurrent disease, de novo oligometastases, and oligoprogressive disease likely have unique biologic underpin-

nings and natural histories. Evidence suggesting the existence of a subset of patients who harbor prostate cancer with limited meta-

static potential currently includes disparate and overwhelmingly retrospective reports. Nevertheless, emerging prospective data have 

corroborated the “better-than-expected,” retrospectively observed outcomes, particularly in the setting of oligorecurrent prostate 

cancer. Improved functional imaging with prostate-specific membrane antigen-targeted strategies may enhance the identification of 

patients with oligometastatic prostate cancer in the short term. In the long term, refinement of the oligometastatic case definition likely 

will require biologic risk-stratification schemes. To determine optimal treatment strategies and identify patients most likely to benefit 

from metastasis-directed therapy, future efforts should focus on conducting high-quality, prospective trials with much-needed 

 molecular correlative studies. Cancer 2019;125:340-352. © 2018 The Authors. Cancer published by Wiley Periodicals, Inc. on behalf of 

American Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-

NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-com-

mercial and no modifications or adaptations are made. 
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INTRODUCTION
Metastasis has been conceptualized on a scale ranging from sequential, echelon-level spread to de facto, widespread 
dissemination. More recently, a paradigm shift was prompted by Weichselbaum and Hellman, who hypothesized the 
existence of an oligometastatic state.1,2 Their assertion that a subset of metastases may be limited in number and location 
has since been both the subject of criticism3,4 and the inspiration for pioneering clinical trials investigating local ablative 
therapy5-7 for tumors that previously would have been treated with solely systemic approaches. Acceptance of an oligo-
metastatic paradigm with the resultant impact on treatment recommendations is poised to potentially change the land-
scape of prostate cancer management, given evidence suggesting that as much as 75% of patients with recurrence after 
primary therapy will have ≤3 involved sites.8-11 Moreover, reports documenting an increasing incidence of metastatic 
prostate cancer in the United States12 suggest that de novo oligometastatic disease also is likely to become more common.

Whereas mounting evidence supports the existence of an oligometastatic state in prostate cancer, studies primarily 
have been intervention-focused, with oligometastases defined by the number and/or location of lesions with little investi-
gation into the underlying biology that could deepen our understanding of why select tumors possess a limited metastatic 
potential compared with others. Furthermore, the literature is heterogeneous, with some reports analyzing outcomes in 
the oligorecurrent setting and others focusing on outcomes for patients with de novo oligometastatic disease. Therefore, 
evidence supporting a distinct oligometastatic identity within prostate cancer must be synthesized from somewhat dis-
parate and predominantly retrospective sources. Herein, we review this evidence and summarize an emerging crop of 
prospective trials to better sort fact from promising fiction in the context of prostate cancer with a paucity of metastases.

DEFINING OLIGOMETASTASES: CLINICAL AND BIOLOGIC FACTORS
Oligometastatic prostate cancer is a broad term encompassing at least 2 distinct entities that likely have different biologic 
signatures and behavior.13 Oligorecurrent prostate cancer generally refers to the development of limited sites of distant 
dissemination after primary radical prostatectomy (RP) or radiotherapy (RT), whereas de novo oligometastasis refer-
ences a separate group with prostate cancer that has spread to limited areas before any definitive therapy. Therefore, 
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potential treatment strategies for de novo oligometas-
tases must consider the management of an intact pri-
mary tumor in addition to distant lesions. A third state 
known as oligoprogression also is emerging and identifies 
patients who have widespread metastases with only lim-
ited sites of progression on systemic therapy.14-17 Notably, 
patients with oligoprogressive disease have been poorly 
represented in retrospective studies, although series that 
included mixed histologies,17 and prostate cancer spe-
cifically,15,16 have suggested a worse prognosis compared 
with those who have traditional oligometastasis.

Most commonly, patients with oligorecurrence 
or de novo oligometastatic disease have been identified 
using a specific cutoff for the number of distant sites in-
volved. A list of previously published literature7,15,16,18-50 
with associated oligometastatic definitions is displayed in 
Table 1,7,15,16,18-50 with similar definitions used by ongo-
ing, prospective investigations listed in Table 2.51-71 Of 
25 retrospective reviews that included >1 case, 10 (40%) 
used a definition of ≤5 metastases, 3 (12%) used a defini-
tion of ≤4 metastases, and 12 (48%) used a definition of 
≤3 metastases to define patients with oligometastases in 
the recurrent or de novo setting. Furthermore, the single 
prospective study of oligorecurrent prostate cancer used 
≤3 lesions as a criterion for inclusion.7 Ongoing prospec-
tive studies have taken similarly disparate approaches to 
defining oligometastasis with 12 of 20 (60%), 3 of 20 
(15%), and 5 of 20 (25%) with available information using 
cutoffs of ≤5, ≤4, and ≤3 metastases for inclusion, respec-
tively. Additional stipulations have focused on sites of 
involvement, including lesions in only 1 or 2 organs,15,71 
exclusive lymph node involvement,19-23,28,30,39,40,45,70 
or the exclusion of intracranial disease.7,69,71 Whether 
prostatic oligometastases are defined optimally by the 
number and/or location of lesions and which number 
and locations are most suitable to select for patients with 
limited metastatic potential have yet to be determined. 
Prospective evidence from Ost et al in the oligorecurrent 
setting suggests that improved prognosis may not neces-
sarily be linked to disease burden or site (eg, with vs with-
out lymph node involvement); however, the small sample 
size used for subgroup analyses is limiting.7

Perhaps the most promising approach for classifica-
tion on the metastatic spectrum makes use of the genomic 
signature of an individual’s particular tumor.72,73 To this 
end, preclinical evidence has identified distinct microR-
NAs (miRs) associated with a low malignant phenotype 
in breast cancer lung colonization.74 Similarly, an explor-
atory analysis of tumors from patients who had clinically 
oligometastatic disease of mixed histologies and received 

stereotactic body radiotherapy (SBRT) to all known sites 
indicated that a candidate classifier using expression of 
miR-23b, miR-449a, and miR-449b predicted survival 
for 17 patients who had available expression data.75 More 
recently, integrated molecular analysis was used to risk 
stratify patients with de novo colorectal liver metasta-
sis.76 Specifically, a low-risk group with a 10-year overall 
survival (OS) rate of approximately 95% was identified 
that had favorable clinical features in concert with metas-
tases primarily enriched for innate and adaptive immune 
activation independent of microsatellite instability status. 
It is hypothesized that this subtype is most representative 
of a true oligometastatic state, and its elucidation illus-
trates that tumor biology and host factors like immune 
contexture may augment the more traditional indicators 
of limited metastasis.

Molecular characterization also has been attempted 
for prostate cancer in the castration-resistant, unselected 
metastatic setting. For instance, among 16 rapid autopsy 
tumor samples, intraindividual and interindividual ge-
nomic heterogeneity was identified,77 echoing findings 
in other histologies and hinting at the potential for dis-
tinct molecular subpopulations. Further evidence was 
provided by Quigley et al, who used deep, whole-genome 
and whole-transcriptome sequencing of 101 castration- 
resistant prostatic metastases to observe amplification 
of an enhancer region upstream from the androgen re-
ceptor gene in 81% of men as well as distinct classes of 
structural variants associated with 1) cyclin-dependent  
kinase 12 (CDK12) mutation with tandem duplications, 
2) tumor protein 53 (TP53) inactivation with inverted 
rearrangements and chromothripsis, and 3) BRCA2 in-
activation with deletions.78 In addition, a novel subtype 
of castration-resistant disease characterized by biallelic 
CDK12 loss, immune activation, and the absence of hy-
permutation also was detected by performing integrative 
genomic analysis.79 It is noteworthy that CDK12 muta-
tions also were detected in the previously mentioned im-
mune subtype of de novo colorectal cancer metastases in 
which patients experience favorable survival,76 suggesting 
that CDK12 inactivation may associate with an altered 
tumor immunophenotype and have implications for cur-
ability after metastasis-directed therapy and sensitivity to 
immune-checkpoint blockade. Taken together, these data 
form a foundation for the molecular characterization of 
unselected patients with metastatic prostate cancer and 
support similar efforts focused exclusively on defining mo-
lecular subtypes of oligometastatic prostate cancer. It also 
is important to note that data from such investigative pur-
suits have the potential not only to molecularly distinguish 
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TABLE 1. Oligometastatic Prostate Cancer Outcomes

Reference Study Design Oligometastatic Definition Intervention Outcome(s)

Local therapy to the prostate only
Jang 201818 Retrospective ≤5 Oligometastases on bone scan, 

de novo oligometastases only
Robot-assisted RP (n = 38) Median PFS, 75 mo; median 

cancer-specific survival, not 
reached

Gandaglia 201719 Retrospective ≤5 Lesions on bone scan with/
without pelvic or retroperitoneal 
lymph node involvement, de novo 
oligometastases only

RP and extended pelvic lymph 
node dissection (n = 11), with 
adjuvant ADT  
(n = 10)

Clinical PFS at 7 y, 45%; 7-y 
cancer-specific mortality-free 
survival, 82%

Heidenreich 201520 Prospective 
feasibility 
study

≤3 Osseous metastases on bone 
scan

Neoadjuvant ADT with those 
achieving PSA nadir <1.0 ng/ml 
undergoing RP (n = 23)

Median time to castration 
resistance, 40 mo; median clinical 
PFS, 38.6 mo; median cause-
specific survival, 47 mo

Ablative therapy to oligometastases

Ost 20187 Prospective  
randomized, 
phase 2

≤3 Extracranial metastases on 
choline PET/CT scan, oligorecur-
rence only

1) Surveillance with PSA every 3 
mo with repeat imaging at PSA 
progression or clinical 
suspicion (n = 31; 5 received 
metastasis-directed therapy); 2) 
metastasis-directed therapy to 
all lesions, including surgery or 
SBRT (n = 31); ADT was started 
for all at symptomatic 
progression, progression to >3 
metastases, or local progres-
sion of known metastases

1) Median ADT-free survival, 13 mo; 
2) median ADT-free survival, 21 
mo

Franzese 201815 Retrospective ≤3 Metachronous metastases in 
1-2 organs amenable to SBRT, 
oligorecurrence or 
oligoprogression

SBRT to oligometastases with/
without systemic therapy  
(n = 64)

Median PFS, 6.6 mo; 1-y LC, 88%

Cysouw 201821 Retrospective ≤4 Metachronous metastases on 
[18F]-fluoromethylcholine PET/CT 
scan

SBRT to oligometastases  
(n = 40)

Median PFS, 11.5 mo

Tran 201822 Retrospective ≤5 Lymph node oligorecurrent 
lesions

Conventional RT to pelvic lymph 
nodes with ADT (n = 53)

Biochemical DFS at 5 y, 43%; 
distant PFS at 5-y, 58%

Franzese 201723 Retrospective ≤4 Lymph node metastases 11C-choline-PET guided SBRT to 
lymph node lesions (n = 26)

Metabolic complete response, 
44.7%; metabolic partial 
response, 38%

Guler 201824 Retrospective ≤3 Metastases on 68Ga-PSMA 
PET/CT scan

RT to oligometastases (n = 23) LC at 1 y, 100%; 1-y PFS, 51%; 1-y 
OS, 100%

Zattoni 201625 Retrospective Undefined, oligorecurrence in 
lymph nodes only

Salvage lymph node dissection 
(n = 117)

Biochemical recurrence-free 
survival at 5 y, 31%; 5-y radiologic 
recurrence free survival, 51%; 5-y 
cancer-specific survival, 97%

Siriwardana 201726 Retrospective ≤5 Lymph node-only oligometasta-
ses on 68Ga-PSMA PET/CT

Salvage lymph node dissection 
(n = 35)

At a median follow-up of 12 mo: 
Biochemical recurrence-free 
survival, 23%; clinical recurrence-
free survival, 66%

Habl 201727 Retrospective ≤3 Oligometastases, oligorecur-
rence only

SBRT (n = 15) Local PFS at 2 y, 100%; median 
distant PFS, 7.36 mo; median time 
to ADT, 9.3 mo

Bouman-Wammes 
201728

Retrospective ≤5 Oligometastases on [18F]
fluoromethylcholine PET/CT, 
hormone-sensitive and 
oligorecurrence only

SBRT (n = 43) Median ADT-free survival, 15.6 mo

Triggiani 201716 Retrospective 1) One to 3 oligometastases in 
bone or lymph nodes on choline 
PET or CT + bone scan, 
oligorecurrence only; 2) 
oligoprogression with undefined 
number of metastases after a 
rising PSA on ADT

1) SBRT, n = 100; 2) SBRT, n = 41 1) Distant 2-y distant PFS at 2 y, 
43%; 2-y LC, 92.8%; 2) 2-y distant 
PFS, 21.6%; 2-y LC, 90.2%

Erie 201729 Retrospective ≤3 Oligometastases Image-guided cryoablation or 
radiofrequency ablation (n = 16)

LC 83% at a median follow-up of 
27 mo; 2-y PFS, 43%

Markowski 201730 Case report 4 Bone oligometastases SBRT without ADT Biochemical-failure free survival, 
18 mo

(Continued)



Oligometastatic Prostate Cancer/Foster et al

343Cancer  February 1, 2019

oligometastatic disease from oligovisible dissemination 
but also to influence separate considerations surrounding 
the appropriateness of metastasis-directed therapy within 
the context of tumor and patient-related factors.

IMAGING PROSTATIC OLIGOMETASTASES
An accurate assessment of metastatic burden using ra-
diologic and functional imaging techniques is crucial, 
especially in the absence of reliable molecular predictors 

Reference Study Design Oligometastatic Definition Intervention Outcome(s)

Ingrosso 201731 Retrospective Isolated lymph node 
oligorecurrence

SBRT (n = 40) Biochemical PFS at 2 y, 44%; LC, 
98% with a mean follow-up of  
30 mo

Pasqualetti 201632 Case report 5 Metachronous lesions on 
18F-choline PET/CT

SBRT ADT-free survival, nearly 5 y

Ost 201633 Retrospective ≤3 Lymph node recurrences SBRT (n = 72) Median distant PFS, 21 mo; median 
ADT-free survival, 44 mo

Muldermans 
201634

Retrospective Majority with ≤5 oligometastases, 
most with oligorecurrence

SBRT (n = 66) LC at 2 y, 82%; 2-y biochemical 
PFS, 54%; 2-y distant PFS, 45%; 
2-y OS, 83%

Wang 201635 Case report Solitary spine recurrence SBRT ADT-free survival, not reached
Pasqualetti 201636 Prospective, 

nonrand-
omized

≤3 Synchronous, active lesions on 
18F-fluoromethylcholine PET/CT 
scan, oligorecurrence only

Repeated SBRT until develop-
ment of >3 active synchronous 
metastases (n = 29)

Median systemic therapy-free 
survival, 39.7 mo

Lukovic & 
Rodrigues 201537

Case report Single T10 metastasis, oligorecur-
rence after RP

SBRT Biochemical PFS, not reached

Martínez-
Fernàndez 201638

Case series Solitary bone oligometastases SBRT (n = 2) Biochemical PFS, 13-17 mo

Ost 201639 Retrospective ≤3 Oligometastases, oligorecur-
rence only

SBRT (n = 119) Distant PFS at 3 y, 31%; 3-y OS, 
95%

Azzam 201540 Retrospective ≤4 Oligometastases SBRT (n = 9) Median OS, >3 y
Claeys 201541 Retrospective <4 Synchronous metastases, 

oligorecurrence only
Salvage pelvic lymph node 

dissection (n = 13)
Median biochemical PFS, 4.1 mo; 

median clinical PFS, 7 mo; 2-y 
ADT-free survival, 79.5%

Ponti 201542 Retrospective Isolated lymph node recurrence SBRT (n = 16), concomitant ADT 
(n = 10)

Biochemical PFS at 2 y, 44%; LC  
at a median follow-up of 29.4 mo, 
94%

Peeters 201743 Case report Left common iliac lymph node 
recurrence on (11C)choline PET/
CT, recurrence after RP and 
prostate bed RT

Salvage pelvic 
lymphadenectomy

Biochemical PFS, 5 y

Decaestecker 
201444

Retrospective ≤3 Synchronous metastases 
involving bone and/or lymph 
nodes, oligorecurrence only

Repeated SBRT until ≥3 
metastases detected (n = 50)

Median PFS, 19 mo

Schick 201345 Retrospective ≤5 Regional and/or distant 
metastases, de novo oligometas-
tases and oligorecurrence

High-dose RT to metastatic sites 
(n = 50) with neoadjuvant and 
concomitant ADT (n = 49)

Biochemical PFS at 3 y, 54.5%; 3-y 
clinical PFS, 58.6%; 3-y OS, 92%

Ahmed 201346 Retrospective ≤5 Oligometastases SBRT (n = 17) with adjuvant ADT 
(n = 15)

LC, 100% at a median follow-up of 
6 mo; 12-mo cancer-specific 
survival, 100%; 12-mo freedom 
from distant progression, 40%

Berkovic 201347 Retrospective ≤3 Synchronous metastases in 
bone and/or lymph node on PET, 
oligorecurrence only

SBRT repeated until >3 
metastases developed (n = 24)

Median ADT-free survival, 38 mo; 
2-y LC, 100%; 2-y clinical PFS, 
42%

Alongi 201048 Case report Isolated pelvic lymph node 
oligorecurrence on [11C]
choline-PET

Helical tomotherapy RT with 
estramustine

DFS, 24 mo

Pruthi 200749 Case report Solitary pulmonary metastasis Surgical excision Biochemical PFS, >3 y

Local therapy to prostate and ablative therapy to oligometastases

Riva 201750 Retrospective ≤5 Bone metastases, included de 
novo oligometastases only

ADT and conventional RT to 
prostate with RT to bone 
metastases (n = 20; 4 did not 
receive RT to metastases)

OS at 2 y, 100%

Abbreviations: ADT, androgen deprivation therapy; CT, computed tomography; DFS, disease-free survival; LC, local control; OS, overall survival; PET, positron 
emission tomography; PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen; RP, radical prostatectomy; RT, radiotherapy; SBRT, ste-
reotactic body radiotherapy.

TABLE 1. (Continued)
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TABLE 2. Ongoing Oligometastatic Prostate Cancer Trials

Study Center
ClinicalTrials.
Gov Identifier Oligometastatic Definition Design Status Intervention(s)

University of Florida 
Proton Therapy Institute

NCT0185922151 Undefined, de novo or 
oligorecurrence

Nonrandomized, 
phase 2

Active, not 
recruiting

SBRT to metastases with 
concurrent conventional RT to 
prostate if disease present, ADT 
for all patients

VA Greater Los Angeles 
Healthcare System

NCT0329808752 ≤5 Metastases excluding 
visceral disease, de novo only

Nonrandomized, 
phase 2

Recruiting RP (with postoperative conven-
tional RT to the prostate for pT3a, 
pN1, or positive surgical margin), 
SBRT to all metastases, ADT for 
all patients for a total of 6 mo

Sunnybrook Health 
Sciences Center

NCT0330170153 ≤5 Metastases outside regional 
pelvic lymph nodes, ≤3 per 
organ system, de novo only

Randomized 
feasibility trial

Recruiting 1) RP, SBRT to all metastases, 
intermittent ADT for all patients 
with/without chemotherapy; 2) 
high-dose rate brachytherapy or 
SBRT to the prostate if medically 
unfit for brachytherapy, SBRT to 
all metastases, intermittent ADT 
for all patients with/without 
chemotherapy

Castellon Provincial 
Hospital

NCT0219278854 ≤5 Bone or lymph node 
metastases, oligorecurrence 
only

Nonrandomized, 
phase 2

Recruiting SBRT to metastatic sites

Sunnybrook Odette 
Cancer Center

NCT0256369155 ≤5 Metastases excluding 
prostate and pelvic lymph 
nodes; ≤3 per organ system, 
de novo or oligorecurrence

Nonrandomized, 
phase 1/2

Recruiting ADT for a minimum of 1 year 
followed by intermittent ADT, 
hypofractionated RT to the 
prostate and regional nodes if not 
previously treated, SBRT to all 
metastases within 3 months of 
starting ADT, SBRT to new 
oligometastases during “off” ADT 
periods

Huntsman Cancer Institute NCT0330441856 ≤5 Bone metastases, de novo 
or oligorecurrence

Nonrandomized, 
phase 2A

Recruiting Radium-223 delivered for 6 cycles, 
SBRT or hypofractionated RT to 
all oligometastases with RT to 
prostate if not previously treated

Shanghai Proton and 
Heavy Ion Center

NCT0293502357 ≤3 Oligometastases, de novo 
only

Nonrandomized, 
phase 2

Recruiting Carbon ion RT to the prostate 
without local ablative therapy to 
oligometastases, ADT or 
chemotherapy

Johns Hopkins University/
Sidney Kimmel Cancer 
Center

NCT0248935758 ≤5 Extrapelvic oligometastases 
with pelvic lymph nodes 
allowed, de novo only

Nonrandomized 
pilot study

Active, not 
recruiting

ADT for 8 mo, pembrolizumab 
immunotherapy for up to 6 3-wk 
cycles, whole gland cryoablation 
of the prostate

Medical University of 
Vienna

NCT0297135859 ≤5 Osseous oligometastases, 
de novo only

Nonrandomized, 
phase 1/2

Recruiting RP with extended lymph node 
dissection for all

Sidney Kimmel Cancer 
Center at Thomas 
Jefferson University

NCT0347786460 ≤3 Oligometastases, includes 
widely metastatic patients, 
includes de novo or 
oligorecurrence

Randomized, 
phase 1

Not yet 
recruiting

1) Anti-PD-1 monoclonal antibody 
IV, SBRT to prostate followed by 
RP; 2) intraprostatic ipilimumab, 
SBRT to prostate followed by RP; 
3) anti-PD-1 monoclonal antibody 
IV + intraprostatic ipilimumab, 
SBRT to prostate followed by RP

Montreal University 
Hospital Center

NCT0352528861 ≤5 Regional or distant 
oligometastases with <3 
metastases per nonbone 
organ, de novo or 
oligorecurrence

Randomized, 
phase 2/3

Recruiting 1) PSMA-PET/CT-guided RT to 
prostate and up to 5 oligometa-
static sites with all oligometasta-
ses treated 2) standard of care RT

Johns Hopkins University/
Sidney Kimmel Cancer 
Center

NCT0271697462 ≤5 Bone and nonregional 
lymph node oligometastases, 
de novo only

Nonrandomized, 
phase 2

Recruiting Neoadjuvant docetaxel with ADT 
followed by RP with/without 
adjuvant RT and consolidative 
SBRT to oligometastases, total of 
1 y of ADT to all

Johns Hopkins University/
Sidney Kimmel Cancer 
Center

NCT0304380763 ≤5 Bone and nonregional 
lymph node oligometastases, 
de novo only

Nonrandomized, 
phase 2

Recruiting Neoadjuvant docetaxel with ADT 
followed by RT to the prostate or 
prostate bed and SBRT to 
oligometastases, up to 2 y ADT for 
all

 (Continued)
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of metastatic virulence. Standard practice at initial stag-
ing generally includes computed tomography (CT) 
or magnetic resonance imaging after accounting for 
factors such as life expectancy and the probability of 
lymph node involvement.74 Meanwhile, 99mtechnetium-
methylene-diphosphate (99mTc-MDP) bone scan is the 
preferred modality for pretreatment identification of os-
seous metastases in high-risk patients.80 These modali-
ties also are standard in the appropriate clinical context 
for individuals who have persistently elevated or rising 
prostate-specific antigen (PSA) levels after definitive 
therapy. Nevertheless, conventional diagnostic tools have 
limitations, potentially leading to a greater proportion of 

patients being characterized with oligometastatic disease. 
For instance, the sensitivity of CT81 and conventional 
magnetic resonance imaging82 for detecting pretreatment 
lymph node metastases in prostate cancer is approxi-
mately 36%. Moreover, bone scan has a reported sensi-
tivity of just 65% for metastatic skeletal lesions.83 Taken 
together, these data suggest a great need for improvement 
regarding the accurate identification of oligometastases.

Functional imaging using various radiotracers has 
demonstrated promise. Although positron emission to-
mography (PET) with 18fluoride (18F)-fluorodeoxyglucose 
has limited applications because of variable uptake in 
prostate cancer as well as bladder proximity,84 other 

Study Center
ClinicalTrials.
Gov Identifier

Oligometastatic 
Definition Design Status Intervention(s)

University of Wisconsin 
Carbone Cancer Center

NCT0335856364 ≤4 Oligometastases without 
visceral involvement, de 
novo only, also includes 
high-risk without 
oligometastases

Nonrandomized, 
phase 1

Recruiting Neoadjuvant ADT and docetaxel 
followed by RP

Johns Hopkins University/
Sidney Kimmel Cancer 
Center

NCT0268058765 ≤3 Asymptomatic bone or 
soft tissue oligometastases 
developing in preceding 6 
mo measuring ≤5 cm and 
≤250 cm3, oligorecurrence 
only

Randomized, 
phase 2

Active, not 
recruiting

1) Observation, 2) SBRT to 
oligometastases

Fudan University 
Shanghai Cancer Center

NCT0274267566 ≤5 Bone or lymph node 
oligometastases, de novo 
only

Randomized, 
phase 2

Recruiting 1) ADT alone, 2) ADT + plus RP or 
RT to the prostate

UCSF Helen Diller Family 
Comprehensive Cancer 
Center

NCT0300773267 ≤4 Bone or lymph node 
oligometastases, de novo 
only

Randomized, 
phase 2

Recruiting 1) ADT in combination with 
pembrolizumab immunotherapy 
followed by SBRT to prostate, 2) 
ADT in combination with 
intratumoral TLR9 agonist and 
pembrolizumab immunotherapy 
followed by SBRT to prostate

Oncology Institute West NCT0227477968 ≤5 Pelvic lymph node 
metastases, oligorecur-
rence only

Nonrandomized, 
phase 2

Active, not 
recruiting

Intensity-modulated RT to pelvis 
with a total of 6 mo neoadju-
vant/concurrent and adjuvant 
ADT

The University of Texas 
MD Anderson Cancer 
Center

NCT0367802569 ≤4 Extracranial metastases, 
de novo only, also includes 
nonoligometastatic prostate 
cancer without prior 
definitive therapy or 
intracranial involvement

Randomized, 
phase 3

Active, 
recruiting

1) Standard systemic therapy; 2) 
standard systemic therapy with 
prostatectomy or RT to primary; 
all patients with oligometastatic 
disease may receive metasta-
sis-directed therapy to ≤4 sites 
before randomization

University Hospital, Ghent NCT0356924170 ≤3 Pelvic lymph node 
metastases, oligorecur-
rence only

Randomized, 
phase 2

Active, 
recruiting

1) Metastasis-directed therapy 
(surgery or SBRT) with 6 mo of 
ADT, 2) metastasis-directed 
therapy (surgery or SBRT) with 6 
mo of ADT and whole-pelvic RT

Royal Marsden Hospital NCT0275978371 ≤3 Extracranial metastatic 
lesions in a maximum of 2 
organ systems, oligorecur-
rence only, also includes 
nonsmall cell lung and 
breast cancer

Randomized, 
phase 2/3

Active, 
recruiting

1) Standard of care at discretion 
of local oncologist, 2) SBRT to 
oligometastases followed by 
standard of care

Abbreviations: ADT, androgen deprivation therapy; CT, computed tomography; IV, intravenously; NCT, National Clinical Trial; PD-1, programmed cell death 
protein 1; PET, positron emission tomography; PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen; RP, radical prostatectomy; RT, 
radiotherapy; SBRT, stereotactic body radiotherapy; TLR9, toll-like receptor 9; UCSF, University of California, San Francisco; VA, Veterans Affairs.

TABLE 2. (Continued)
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radiotracers attempt to overcome these challenges. One 
of the more extensively studied tracers is sodium-18F 
(Na18F)-PET/CT, which has demonstrated superior 
detection of osteoblastic prostate metastasis compared 
with 99mTc-MDP bone scan.83,85 Specifically, malig-
nant lesions observed on Na18F -PET/CT were identi-
fied on 99mTc-MDP bone scan only 65% of the time85; 
however, a limitation of this modality is its reliance on 
registered cross-sectional imaging for the detection of 
soft tissue lesions. One class of radiotracers that is not 
limited in this context is choline PET/CT, which has a 
per-patient, pooled sensitivity of 84% and 85% in the 
pretreatment and recurrent settings, respectively,86 for 
the detection of bony and soft tissue metastatic lesions, 
with uptake correlated to tumor choline kinase α expres-
sion.87 18F-fluciclovine PET/CT has even greater metas-
tasis detection rates in the recurrent setting compared 
with 11C-choline88; however, its use remains primarily 
investigational. Radiotracers targeted to prostate-specific 
membrane antigen (PSMA) also have produced encour-
aging results and make rational sense, because this trans-
membrane protein is widely expressed by prostate cancer 
cells.73 It is noteworthy that, in a retrospective review of 
21 patients who had de novo metastatic disease with ≤3 
metastases on conventional imaging, 68gallium (68Ga)-
PSMA PET downstaged 12 to localized disease and up-
staged 1 to polymetastatic disease.89 Given such data, 
consideration should be made to the inclusion of newer 
functional imaging strategies as a component of screen-
ing or investigational endpoints on prospective protocols 
for oligometastatic prostate cancer, as was done in 8 of 
the 21 protocols (39%) listed in Table 2.52,54,61,64,65,67,68,70

OLIGOMETASTATIC PROSTATE 
CANCER OUTCOMES
Although defining, identifying, and biologically charac-
terizing oligometastatic prostate cancer all pose unique 
challenges, deciding how best to manage patients who 
have prostatic oligometastases is a distinct, clinically press-
ing issue. Outcomes associated with various treatment ap-
proaches in the oligorecurrent and de novo oligometastatic 
settings are summarized in Table 1. Since the first case re-
port in PubMed by Pruthi et al in 2007,49 at least 34 addi-
tional reports have suggested generally favorable oncologic 
outcomes. Of these, all but 2 reports7,20 are retrospective 
with 3 of 36 (8%) including RP without local metastasis-
directed therapy, 32 of 36 (89%) including local metasta-
sis-directed therapy alone, and 1 of 36 (3%) including local 
therapy to primary and distant sites. Of the retrospective 

reports, the largest includes 119 treatment-naive patients 
who had ≤3 sites of oligorecurrence and received SBRT to 
all involved sites, with 92 of 119 (77%) undergoing pre-
treatment choline PET.39 The 3-year distant PFS rate of 
31% and the 3-year OS rate of 95% are favorable and sug-
gest a subset of patients likely benefitted from aggressive 
local therapy; however, conclusions from these data are 
limited in the absence of a comparative control arm.

In the de novo oligometastatic setting, one more 
commonly investigated treatment approach is local 
ablative therapy to the prostate with or without pelvic 
lymph nodes and without metastasis-directed ther-
apy.90 Until recently, support for this strategy has been 
extrapolated from retrospective series that included  
patients with unselected metastatic burden.91 For  
example, Sooriakumaran et al reported outcomes for 
106 men with de novo metastatic prostate cancer who 
underwent RP and observed that 79.2% were compli-
cation-free postprocedure, with 88.7% alive after a me-
dian follow-up of 22.8 months.91 A few investigators 
similarly have reported favorable outcomes in retro-
spective cohorts that exclusively included patients with 
oligometastatic disease.18-20 For example, Heidenreich 
et al conducted a feasibility study of RP for select men  
(n = 23) with de novo oligometastatic disease who 
achieved a PSA nadir <1.0 ng/mL on neoadjuvant an-
drogen-deprivation therapy (ADT).20 In that trial, the 
median time to castration resistance was 40 months, and 
the median clinical PFS was 38.6 months, both of which 
compared favorably with 29 months (P = .04) and 26.5 
months (P = .032), respectively, for patients in a con-
trol group (n = 38) who received ADT alone. Notably, 
the STAMPEDE trial now provides phase 3 evidence 
in support of prostate-directed RT for patients who 
have de novo metastatic prostate cancer and low disease 
burden, defined as the absence of ≥4 bone metastases 
with 1 or more outside the vertebral bodies or pelvis, 
visceral metastases, or both. Within this subgroup, there 
was an observed 8% improvement in 3-year OS (81% 
vs 73%) and an impressive 17% improvement in 3-year 
failure-free survival (50% vs 33%) for prostate-directed 
RT in addition to the standard of care compared with 
the standard of care alone.92 Furthermore, heterogeneity 
of treatment effect on OS was detected as a function of 
metastatic burden (Pinteraction = .0098), with no evidence 
of an effect for patients with high metastatic burden.92

Few reports have investigated a more aggressive 
approach using combined local therapy to the primary 
tumor and metastasis-directed therapy in the de novo 
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oligometastatic setting. In 1 cohort, Riva et al reported 
their experience with 20 patients who received ADT 
plus hypofractionated RT to the prostate with or with-
out seminal vesicles/pelvic lymph nodes, with 16 of 
20 also receiving palliative RT or SBRT to at least 1 
metastatic site.50 Of 12 patients who subsequently ex-
perienced biochemical progression, the median time 
to progression was 23 months from the start of ADT, 
and the 2-year OS for the cohort was 100%. These 
outcomes compare favorably with the 2-year OS of 
72% and a median failure-free survival of 11 months 
for patients with de novo metastatic prostate cancer 
who received ADT alone on the STAMPEDE trial.93 
Although many smaller, retrospective reviews and case 
reports also have suggested “better-than-expected” 
PFS or OS in the recurrent or de novo oligometastatic 
settings, these must be interpreted with caution given 
historic lessons arguing against the early adoption of 
novel treatment approaches without convincing phase 
2 and 3 support.4,94

Ost et al provided the first prospective evidence 
in a phase 2 study in which patients who had oligore-
current prostate cancer and ≤3 extracranial metastases 
on choline PET/CT were randomized to receive either 
surveillance with PSA every 3 months (n = 31) or metas-
tasis-directed therapy (surgery or SBRT) to all lesions 
(n = 31).7 The primary endpoint was ADT-free survival, 
and ADT was started for symptomatic or local progres-
sion or upon the development of >3 metastases. After a 
median follow-up of 3 years, the median ADT-free sur-
vival was 21 months in the intervention arm compared 
with 13 months for patients who were randomized to 
surveillance (P = .11), and the patients who had PSA 
doubling times ≤3 months experienced a larger magni-
tude of benefit with metastasis-directed therapy com-
pared with those with who had longer PSA doubling 
times (hazard ratio [HR], 0.14 vs 0.44; Pinteraction = .01). 
All patients who received ADT because of local/symp-
tomatic progression were randomized to undergo sur-
veillance, whereas similar numbers of men in both arms 
started ADT because of polymetastatic progression, 
suggesting the possibility of enrolled subpopulations 
that included those with true oligorecurrence versus 
those with oligovisible metastastases.95 Although these 
results highlight the potential of metastasis-directed 
therapy to delay the commencement of systemic ther-
apy and its side effects,96 there was no statistically sig-
nificant improvement in 1-year quality of life, possibly 
because of the lack of power to detect such a difference. 
In addition, the trial’s design has been criticized for a 

nonstandard control arm, given the known OS bene-
fit from immediate versus delayed ADT for men with 
biochemically recurrent prostate cancer.97 Nevertheless, 
this trial provides the most convincing evidence to date 
supporting the ongoing investigation of local ablative 
therapy for oligorecurrent prostate cancer.

PROSPECTIVE TRIALS INVESTIGATING 
OLIGOMETASTATIC PROSTATE CANCER
Growing numbers of prospective protocols registered on 
the US National Library of Medicine/National Institutes 
of Health clinicaltrials.gov registry will provide more ro-
bust evidence to support or refute the efficacy of alterna-
tive therapeutic management strategies for patients who 
have oligometastatic prostate cancer in the coming years. 
Those protocols are summarized in Table 2 and include 
heterogeneous definitions of oligometastatic disease, 
treatment settings, and treatment strategies. Most of the 
protocols (11 of 21; 52%) include only patients with de 
novo oligometastatic disease, whereas 5 of 21 (24%) in-
clude patients with de novo or recurrent oligometastases, 
and 5 of 21 (24%) include only men with oligorecur-
rence. Given the relative dearth of retrospective evidence 
focusing on metastasis-directed therapies in the de novo 
oligometastatic setting, these protocols will address a sig-
nificant gap in the literature and provide much needed 
clinical guidance. The majority of protocols are nonran-
domized phase 1 and 2 studies (12 of 21 protocols; 57%), 
with 6 of 21 (29%) randomized phase 1 and 2 protocols 
and 3 of 21 (14%) randomized phase 2 and 3 or phase 3 
protocols, suggesting that the wait may be many years 
for definitive phase 3, randomized evidence powered 
to detect a difference in OS in this setting. The recent 
activation of a randomized phase 3 protocol sponsored 
by the Southwest Oncology Group69 represents progress 
toward this goal and includes patients with de novo oli-
gometastatic and nonoligometastatic prostate cancer who 
are assigned to receive either standard systemic therapy 
or standard systemic therapy plus RP or RT to the pros-
tate. All patients with oligometastatic disease are allowed 
to receive metastasis-directed therapy to ≤4 sites before 
randomization. It is worth noting that the STOMP trial 
published by Ost et al7 was designed primarily to iden-
tify a suitable intervention arm for a subsequent phase 
3 protocol, with the authors concluding that the results 
warranted such investigative progression.

Perhaps the most anticipated of these random-
ized, phase 2 protocols is the ORIOLE trial, which 
was opened for enrollment in April 2016 and spon-
sored by the Sidney Kimmel Comprehensive Cancer 
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Center at Johns Hopkins.65,98 By using a fairly spe-
cific approach to define hormone-sensitive oligorecur-
rence after primary RP or RT, the inclusion criteria 
require ≤3 asymptomatic metastases measuring ≤5.0 
cm in greatest dimension or <250 cm3 in volume that 
developed within 6 months before enrollment with 
a PSA doubling time <15 months and an Eastern 
Cooperative Oncology Group performance status ≤2. 
Eligible individuals are randomized in a 2:1 fashion to 
receive SBRT in 1 to 5 fractions to all metastases ver-
sus observation. A minimization approach in which 
treatment allocation depends on the characteristics of 
individuals already enrolled will ensure even distribu-
tion of patients with respect to: 1) initial treatment, 
including RP or RT; 2) prior ADT; and 3) a PSA dou-
bling time <6 months versus 6 to 14.9 months. The 
primary endpoint is 6-month progression, with a hy-
pothesis that SBRT will reduce 6-month progression 
from an expected value of >80% in the observation 
arm99,100 to 50% in the intervention arm. Based on 
a 1-sided type I error of 0.05, the sample size of 54 
patients (36 in the SBRT arm, 18 in the observation 
arm) is associated with 85% power to detect a differ-
ence between arms.

Patients who are randomized to SBRT also will 
undergo an investigational PSMA-based 2-(3-[1-car-
boxy-5-([6-18F-f luoro-pyridine-3-carbonyl]-ami-
no)-pentyl]-ureido)-pentanedioic acid (18F-DCFPyL) 
PET/CT,101 and the results will be compared with 
conventional bone scan and CT imaging in an at-
tempt to characterize the potential benefits of using 
this functional imaging technique for the initial detec-
tion of oligorecurrent prostate cancer and subsequent 
progression after metastasis-directed therapy. Of note, 
additional lesions detected on 18F-DCFPyL PET/CT 
will not be treated with SBRT. Moreover, a rich set of 
planned correlative studies include analyses of circulat-
ing tumor cells, deep sequencing of circulating tumor 
DNA, and T-cell repertoire profiling, with the goal of 
further characterizing biologic and immunologic al-
terations induced by SBRT in this patient population. 
Screening for hereditary pathogenic mutations in 30 
genes that commonly occur in metastatic castration- 
resistant prostate cancer also will be performed and 
should advance efforts to tailor treatment approaches 
biologically for individuals who have oligorecurrent 
prostate cancer. Given an estimated study completion 
date of October 2018,65 these data undoubtedly will 
build on the foundation already established by Ost et 
al7 in the near future.

FUTURE DIRECTIONS
The implication of all the previously reviewed evi-
dence is that there is indeed a subset of patients with 
metastatic prostate cancer whose tumors have limited  
potential for dissemination, and the most convinc-
ing data comes from the oligorecurrent setting. 
Specifically, the STOMP trial7 demonstrated that 19% 
of patients (6 of 31) with oligorecurrence in the sur-
veillance arm did not develop a trigger to start ADT 
after a median follow-up of 3 years, whereas an even 
greater proportion could avoid ADT in the metastasis-
directed therapy arm (12 of 31 patients; 39%). These 
proportions for both arms are higher than the 9.2% 
(12 of 131 patients) of unselected men with confirmed 
metastatic prostate cancer who did not develop an 
indication for ADT on the deferred treatment arm 
of the Medical Research Council trial of immediate 
versus deferred ADT for advanced prostate cancer.102 
Furthermore, 50% of patients with M1 disease enrolled 
on the deferred arm of the Medical Research Council 
trial who developed an indication to commence ADT 
did so within 9 months,102 suggesting that select pa-
tients with oligorecurrent disease like those enrolled 
by Ost et al have a more indolent disease course than 
would be expected for the average patient with meta-
static prostate cancer. It is noteworthy that 35% of men 
who were treated per protocol on the surveillance arm 
of the STOMP trial even experienced a spontaneous 
reduction in PSA without any oncologic therapy, which 
further supports the argument that these patients have 
a unique and favorable natural history.7

Despite these reassuring observations, data from 
Ost et al also reveal substantial heterogeneity in the be-
havior of presumed oligorecurrence defined exclusively 
using clinical characteristics. Sixteen of 31 patients (55%) 
in the surveillance arm and 19 of 31 (61%) in the metas-
tasis-directed therapy arm ultimately developed polymet-
astatic progression, as discussed above. This proclivity for 
dissemination was observed despite all patients having 
undergone functional imaging with choline PET/CT—a 
finding that strongly advocates for a biologic rather than 
clinical or radiographic definition of oligometastasis. 
MicroRNA expression patterns75,103 or integrated molec-
ular subtyping76 likely will be enlightening in this regard. 
Therefore, tumor specimen banking and the inclusion 
of molecular correlative studies in prospective protocols 
investigating oligometastatic prostate cancer should be 
highly encouraged. Collaborative efforts to pool tissue 
for correlative studies also should be prioritized to gain 
a further understanding of the biologic underpinnings 
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of this emerging, distinct disease entity. Although these 
endeavors likely will better answer whether or not a truly 
oligometastatic state exists in prostate cancer, they also 
likely will shed light on separate but equally intriguing 
questions regarding optimal clinical management strate-
gies. For instance, elderly men with significant comorbid-
ities and “molecularly favorable” oligometastatic disease 
may be unlikely to benefit from even well-tolerated  
therapies.

For individuals with oligometastatic prostate can-
cer, longer life expectancies, and minimal comorbidities, 
for whom treatment remains a prudent consideration, ad-
ditional research is needed to identify appropriate ther-
apeutic paradigms. For example, it remains unknown 
whether ablative therapy to the primary site alone, to 
primary and regional disease sites, or to the primary site 
and all involved distant sites is required in the de novo 
oligometastatic setting. Maximal debulking makes in-
tuitive sense for several reasons, including: 1) reduced 
potential for metastatic seeding from the primary and/
or baseline metastatic sites,104,105 and 2) enhanced sensi-
tivity to systemic therapy after tumor debulking in accor-
dance with the Norton-Simon hypothesis.106 Conversely, 
reports have suggested “better-than-expected” outcomes 
with ablative therapy that excludes distant sites,18-20 and 
the as yet incompletely understood promise of the ab-
scopal effect107 ultimately may make less than complete 
ablation a preferred treatment option for at least a subset 
of men. This may even be more plausible given emerg-
ing evidence of immune-checkpoint inhibitor activity 
in metastatic castration-resistant prostate cancer108,109 
and the predominantly theoretical oncologic advantages 
of combined RT and immunotherapy.110 Disagreement 
even exists surrounding the necessity of any upfront me-
tastasis-directed therapy in the oligometastatic setting, 
because combined ADT with docetaxel or abiraterone, as 
prescribed in the STAMPEDE trial,93 may eliminate re-
sistant clonal subpopulations in treatment-naive patients 
and prevent treatment-induced lineage crisis.111,112 With 
so much uncertainty, sorting out how best to manage pa-
tients with the smallest number of prostatic metastases is 
likely to be one of the biggest challenges facing genitouri-
nary oncologists in the coming decades.

CONCLUSION
The term “oligometastatic prostate cancer” currently re-
fers to a heterogeneous group of clinically defined disease 
states, including oligorecurrence and de novo oligome-
tastases. Commonly used features to distinguish such 

individuals with limited metastatic disease include the 
absolute number of lesions (e.g., ≤5 metastases) and, less 
frequently, caveats like lesion location. This reliance on 
clinical features for case definition necessarily makes in-
vestigation into superior imaging modalities for the de-
tection of prostate cancer oligometastases of considerable 
import. To this end, PSMA-targeted functional imaging 
currently has the greatest promise, and its inclusion as 
part of the prospective ORIOLE randomized, phase 2 
trial in the oligorecurrent setting should provide further 
insights into its utility. While awaiting the results from 
this and other protocols currently registered on clinicaltri-
als.gov for patients with oligometastatic prostate cancer, 
evidence from a disparate group of previously published 
outcomes suggests that an oligometastatic state likely ex-
ists for at least a subset of patients with prostate cancer. 
The most convincing testament to this possibility comes 
from the groundbreaking phase 2 trial in the oligorecur-
rent setting published by Ost et al, in which individuals 
in both the surveillance and metastasis-directed therapy 
arms had higher than expected rates of ADT avoidance. 
Nevertheless, the appropriateness of metastasis-directed 
therapy within the context of tumor-related molecu-
lar factors and clinical variables like comorbidities is a 
separate issue that remains relatively less well answered. 
To better risk stratify patients who have oligometastatic 
disease and to determine optimal treatment strategies, 
future efforts should focus on conducting high-quality, 
prospective trials and determining a biologic categoriza-
tion of patients who have disease with limited metastatic 
potential.

FUNDING SUPPORT
This work was supported by the Virginia and D. K. Ludwig Fund for 
Cancer Research.

CONFLICT OF INTEREST DISCLOSURES
Ralph R. Weichselbaum reports personal fees from AstraZeneca, 
Boehringer Ingelheim Ltd, and Merck Serono SA; consulting and/or ser-
vice on advisory, data safety monitoring, or scientific advisory boards for 
Aettis, Inc, AstraZeneca, Genus, ImmunoVir LLC, Merck Serono, Nano 
Proteagen, Reflexion Pharmaceuticals, and Shuttle Pharmaceuticals; 
intellectual property rights and equity in Boost Therapeutics Inc and 
Oncosenescence; and sponsored industry travel/speaking fees from 
Boehringer Ingelheim Ltd, all outside the submitted work. Sean P. 
Pitroda has a patent “Methods and Kits for Diagnosis and Triage of 
Patients with Colorectal Liver Metastases” pending. Corey C. Foster 
made no disclosures.

REFERENCES
 1. Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol. 

1995;13:8-10.
 2. Weichselbaum RR, Hellman S. Oligometastases revisited. Nat Rev 

Clin Oncol. 2011;8:378-382.



Review Article

350 Cancer  February 1, 2019

 3. Treasure T. Oligometastatic cancer: an entity, a useful concept, or a 
therapeutic opportunity? J R Soc Med. 2012;105:242-246.

 4. Palma DA, Salama JK, Lo SS, et al. The oligometastatic state—
separating truth from wishful thinking. Nat Rev Clin Oncol. 
2014;11:549-557.

 5. Iyengar P, Wardak Z, Gerber DE, et al. Consolidative radiotherapy 
for limited metastatic non-small-cell lung cancer: a phase 2 random-
ized clinical trial [serial online]. JAMA Oncol. 2018;4:e173501.

 6. Trovo M, Furlan C, Polesel J, et al. Radical radiation therapy for 
oligometastatic breast cancer: results of a prospective phase II trial. 
Radiother Oncol. 2018;126:177-180.

 7. Ost P, Reynders D, Decaestecker K, et al. Surveillance or metasta-
sis-directed therapy for oligometastatic prostate cancer recurrence: 
a prospective, randomized, multicenter phase II trial. J Clin Oncol. 
2018;36:446-453.

 8. De Bruycker A, Lamber B, Claeys T, et al. Prevalence and prognosis 
of low-volume, oligorecurrent, hormone-sensitive prostate cancer 
amenable to lesion ablative therapy. BJU Int. 2017;120:815-821.

 9. Singh D, Yi WS, Brasacchio RA, et al. Is there a favorable subset 
of patients with prostate cancer who develop oligometastases? Int J 
Radiat Oncol Biol Phys. 2004;58:3-10.

 10. Schweizer MT, Zhou XC, Wang H, et al. Metastasis-free survival 
is associated with overall survival in men with PSA-recurrent pros-
tate cancer treated with deferred androgen deprivation therapy. Ann 
Oncol. 2013;24:2881-2886.

 11. Sridharan S, Steigler A, Spry NA, et al. Oligometastatic bone disease 
in prostate cancer patients treated on the TROG 03.04 RADAR 
trial. Radiother Oncol. 2016;121:98-102.

 12. Weiner AB, Matulewicz RS, Eggener SE, Schaeffer EM. Increasing 
incidence of metastatic prostate cancer in the United States (2004-
2013). Prostate Cancer Prostatic Dis. 2016;19:395-397.

 13. Tosoian JJ, Gorin MA, Ross AE, Pienta KJ, Tran PT, Schaeffer EM. 
Oligometastatic prostate cancer: definitions, clinical outcomes, and 
treatment considerations. Nat Rev Urol. 2017;14:15-25.

 14. Cheung P. Stereotactic body radiotherapy for oligoprogressive can-
cer [serial online]. Br J Radiol. 2016;89:20160251.

 15. Franzese C, Zucali PA, Di Brina L, et al. The efficacy of stereo-
tactic body radiation therapy and impact of systemic treatments 
in oligometastatic patients from prostate cancer. Cancer Med. 
2018;7:4379-4386.

 16. Triggiani L, Alongi F, Buglion M, et al. Efficacy of stereotactic 
body radiotherapy in oligorecurrent and in oligoprogressive pros-
tate cancer: new evidence from a multicentric study. Br J Cancer. 
2017;116:1520-1525.

 17. Pembroke CA, Fortin B, Kopek N. Comparison of survival and 
prognosis factors in patients treated with stereotactic body radio-
therapy for oligometastases or oligoprogression. Radiother Oncol. 
2018;127:493-500.

 18. Jang WS, Kim MS, Jeong WS, et al. Does robot-assisted radical 
prostatectomy benefit patients with prostate cancer and bone oligo-
metastases? BJU Int. 2018;121:225-231.

 19. Gandaglia G, Fossati N, Stabile A, et al. Radical prostatectomy in 
men with oligometastatic prostate cancer: results of a single-institu-
tion series with long-term follow-up. Eur Urol. 2017;72:289-292.

 20. Heidenreich A, Pfister D, Porres D. Cytoreductive radical prosta-
tectomy in patients with prostate cancer and low volume skeletal 
metastases: results of a feasibility and case-control study. J Urol. 
2015;193:832-838.

 21. Cysouw M, Bouman-Wammes E, Hoekstra O, et al. Prognostic 
value of [18F]-fluoromethylcholine positron emission tomography/
computed tomography before stereotactic body radiation therapy 
for oligometastatic prostate cancer. Int J Radiat Biol Oncol Phys. 
2018;101:406-410.

 22. Tran S, Jorcano S, Falco T, Lamanna G, Miralbell R, Zilli T. 
Oligorecurrent nodal prostate cancer: long-term results of an elec-
tive nodal irradiation approach. Am J Clin Oncol. 2018;41:960-962.

 23. Franzese C, Lopci E, Di Brina L, et al. 11C-choline-PET guided 
stereotactic body radiation therapy for lymph node metastases in 
oligometastatic prostate cancer. Cancer Invest. 2017;35:586-593.

 24. Guler OC, Engels B, Onal C, et al. The feasibility of prostate-spe-
cific membrane antigen positron emission tomography (PSMA 
PET/CT)-guided radiotherapy in oligometastatic prostate cancer 
patients. Clin Transl Oncol. 2018;20:484-490.

 25. Zattoni F, Nehra A, Murphy CR, et al. Mid-term outcomes follow-
ing salvage lymph node dissection for prostate cancer recurrence 
status post-radical prostatectomy. Eur Urol Focus. 2016;2:522-531.

 26. Siriwardana A, Thompson J, van Leeuwen PJ, et al. Initial multi-
centre experience of 68gallium-PSMA PET/CT guided robot-as-
sisted salvage lymphadenectomy: acceptable safety profile but 
oncological benefit appears limited. BJU Int. 2017;120:673-681.

 27. Habl G, Straube C, Schiller K, et al. Oligometastases from prostate 
cancer: local treatment with stereotactic body radiotherapy (SBRT) 
[serial online]. BMC Cancer. 2017;17:361.

 28. Bouman-Wammes EW, van Dodewaard-De Jong JM, Dahele M,  
et al. Benefits of using stereotactic body radiotherapy in patients 
with metachronous oligometastases of hormone-sensitive pros-
tate cancer detected by [18F]fluoromethylcholine PET/CT. Clin 
Genitourin Cancer. 2017;15:e773-e782.

 29. Erie AJ, Morris JM, Welch BT, et al. Retrospective review of percu-
taneous image-guided ablation of oligometastatic prostate cancer: a 
single-institution experience. J Vasc Interv Radiol. 2017;28:987-992.

 30. Markowski MC, Imus P, Wright JL, Schottenstein D, Paller CJ. 
Long-term control of oligometastatic prostate cancer after stereotac-
tic body radiotherapy in the absence of androgen deprivation ther-
apy: a case report. Clin Genitourin Cancer. 2017;15:e839-e842.

 31. Ingrosso G, Trippa F, Maranzano E, et al. Stereotactic body radio-
therapy in oligometastatic prostate cancer patients with isolated 
lymph nodes involvement: a 2-institution experience. World J Urol. 
2017;35:45-49.

 32. Pasqualetti F, Cocuzza P, Coraggio G, et al. Long-term PSA control 
with repeated stereotactic body radiotherapy in a patient with oli-
gometastatic castration-resistant prostate cancer. Oncol Res Treat. 
2016;39:217-220.

 33. Ost P, Jereczek-Fossa BA, Van As N, et al. Pattern of progression 
after stereotactic body radiotherapy for oligometastatic prostate 
cancer nodal recurrences. Clin Oncol (R Coll Radiol). 2016;28: 
e115-e120.

 34. Muldermans JL, Romak LB, Kwon ED, Park SS, Olivier KR. 
Stereotactic body radiation therapy for oligometastatic prostate can-
cer. Int J Radiat Oncol Biol Phys. 2016;95:696-702.

 35. Wang CJ, Ying J, Kapur P, Wohlfield B, Roehrborn C, Kim DW. 
Solitary recurrence of castration-resistant prostate cancer with 
low or undetectable levels of prostate specific antigen salvaged 
with local ablative radiation therapy: a case-report. Oncol Lett. 
2016;11:713-716.

 36. Pasqualetti F, Panichi M, Sainato A, et al. F]Choline PET/CT and 
stereotactic body radiotherapy on treatment decision making of 
oligometastatic prostate cancer patients: preliminary results [serial 
online. Radiat Oncol. 2016;11:9.

 37. Lukovic J, Rodrigues G. Complete PSA response following stereo-
tactic ablative radiotherapy for a bony metastasis in the setting of cas-
trate-resistant prostate cancer [serial online]. Cureus. 2015;7:e365.

 38. Martinez-Fernandez MI, Perez Gracia JL, Gil-Bazo I, Martinez-
Monge R. Stereotactic body radiation therapy (SBRT) delays the 
emergence of castration resistance in patients with oligometastatic 
prostate cancer. Clin Transl Oncol. 2016;18:743-747.

 39. Ost P, Jereczek-Fossa BA, As NV, et al. Progression-free survival fol-
lowing stereotactic body radiotherapy for oligometastatic prostate 
cancer treatment-naive recurrence: a multi-institutional analysis. 
Eur Urol. 2016;69:9-12.

 40. Azzam G, Lanciano R, Arrigo S, et al. SBRT: an opportunity to 
improve quality of life for oligometastatic prostate cancer [serial on-
line]. Front Oncol. 2015;5:101.

 41. Claeys T, Van Praet C, Lumen N, et al. Salvage pelvic lymph node 
dissection in recurrent prostate cancer: surgical and early oncologi-
cal outcome [serial online]. Biomed Res Int. 2015;2015:198543.

 42. Ponti E, Ingrosso G, Carosi A, et al. Salvage stereotactic body radio-
therapy for patients with prostate cancer with isolated lymph node 



Oligometastatic Prostate Cancer/Foster et al

351Cancer  February 1, 2019

metastasis: a single-center experience. Clin Genitourin Cancer. 
2015;13:e279-e284.

 43. Peeters C, Ponette D, van Poppel H. Salvage pelvic lymph node dis-
section after radical prostatectomy for biochemical and lymph node 
recurrence. Urol Int. 2017;98:367-369.

 44. Decaestecker K, De Meerleer G, Lambert B, et al. Repeated stereo-
tactic body radiotherapy for oligometastatic prostate cancer recur-
rence [serial online]. Radiat Oncol. 2014;12:135.

 45. Schick U, Jorcano S, Nouet P, et al. Androgen deprivation and 
high-dose radiotherapy for oligometastatic prostate cancer patients 
with less than 5 regional and/or distant metastases. Acta Oncol. 
2013;52:1622-1628.

 46. Ahmed KA, Barney BM, Davis BJ, Park SS, Kwon ED, Olivier KR. 
Stereotactic body radiation therapy in the treatment of oligometa-
static prostate cancer [serial online]. Front Oncol. 2013;2:215.

 47. Berkovic P, De Meerleer G, Delrue L, et al. Salvage stereotactic body 
radiotherapy for patients with limited prostate cancer metastases: 
deferring androgen deprivation therapy. Clin Genitourin Cancer. 
2013;11:27-32.

 48. Alongi F, Schipani S, Samanes Gajate AM, et al. [11C]choline-PET-
guided helical tomotherapy and estramustine in a patient with pel-
vic-recurrent prostate cancer: local control and toxicity profile after 
24 months. Tumori. 2010;96:613-617.

 49. Pruthi RS, Hubbard JS, Kouba E, Wallen E. Androgen-independent 
prostate cancer treated with resection of the solitary metastatic site. 
Urol Int. 2007;79:371-373.

 50. Riva G, Marvaso G, Augugliaro M, et al. Cytoreductive pros-
tate radiotherapy in oligometastatic prostate cancer: a single 
centre analysis of toxicity and clinical outcome [serial online]. 
Ecancermedicalscience. 2017;11:786.

 51. Radiotherapy for Oligometastatic Prostate Cancer. Available at: 
https://clinicaltrials.gov/ct2/show/NCT01859221. Accessed July 31, 
2018.

 52. Systemic and Tumor-Directed Therapy for Oligometastatic 
Prostate Cancer. Available at: https://clinicatrials.gov/ct2/show/
NCT03298087. Accessed July 31, 2018.

 53. Feasibility Trial in Men With Hormone Sensitive Oligometastatic 
Prostate Cancer (PRORAD). Available at: https://clinicaltrials.gov/
ct2/show/NCT03301701. Accessed July 31, 2018.

 54. Phase II Study of SBRT as Treatment for Oligometastases in 
Prostate Cancer. Available at: https://clinicaltrials.gov/ct2/show/
NCT02192788. Accessed July 31, 2018.

 55. Stereotactic Radiotherapy for Oligometastatic Prostate Cancer 
(CROP). Available at: https://clinicaltrials.gov/ct2/show/
NCT02563691. Accessed July 31, 2018.

 56. Radium-223 and Radiotherapy in Hormone-Naive Men With 
Oligometastatic Prostate Cancer to Bone (RROPE). Available at: 
https://clinicaltrials.gov/ct2/show/NCT03304418. Accessed July 
31, 2018.

 57. Carbon Ion Radiotherapy in Patients Undergoing Systemic Therapy 
for Oligo-metastatic Prostate Cancer. Available at: https://clinical-
trials.gov/ct2/show/NCT02935023. Accessed July 31, 2018.

 58. Pembrolizumab and Cryosurgery in Treating Patients With Newly 
Diagnosed, Oligo-metastatic Prostate Cancer. Available at: https://
clinicaltrials.gov/ct2/show/NCT02489357. Accessed 31, July 2018.

 59. Safety and Early Efficacy of Radical Prostatectomy for Newly 
Diagnosed Very High Risk Locally Advanced and Oligometastatic 
Prostate Cancer. Available at: https://clinicaltrials.gov/ct2/show/
NCT02971358. Accessed July 31, 2018.

 60. Stereotactic Body Radiation Therapy With REGN2810 and/
or Ipilimumab Before Surgery in Treating Participants With 
Progressive Advanced or Oligometastatic Prostate Cancer. Available 
at: https://clinicaltrials.gov/ct2/show/NCT03477864. Accessed 
July 31, 2018.

 61. PSA-PET Guided Radiotherapy (PSMA-PETgRT). Available at: 
https://clinicaltrials.gov/ct2/show/NCT03525288. Accessed July 
31, 2018.

 62. A Study of Definitive Therapy to Treat Prostate Cancer (oligo-mets). 
Available at: https://clinicaltrials.gov/ct2/show/NCT02716974. 
Accessed July 31, 2018.

 63. A Study of Definitive Therapy to Treat Prostate Cancer After 
Prostatectomy. Available at: https://clinicaltrials.gov/ct2/show/
NCT03043807. Accessed July 31, 2018.

 64. Pilot Trial of Chemohormonal Therapy Followed by Prostatectomy 
in High Risk Prostate Cancer. Available at: https://clinicaltrials.gov/
ct2/show/NCT03358563. Accessed July 31, 2018.

 65. Stereotactic Body Radiation for Prostate Oligometastases 
(ORIOLE). Available at: https://clinicaltrials.gov/ct2/show/
NCT02680587. Accessed July 31, 2018.

 66. Androgen Deprivation Therapy or Androgen Deprivation Therapy 
Plus Definitive Treatment (Radiation or Surgery). Available at: 
https://clinicaltrials.gov/ct2/show/NCT02742675. Accessed July 
31, 2018.

 67. Pembrolizumab in Combination With Intratumoral SD-
101 Therapy. Available at: https://clinicaltrials.gov/ct2/show/
NCT03007732. Accessed July 31, 2018.

 68. Salvage Radiotherapy Combined With Hormonotherapy 
in Oligometastatic Pelvic Node Relapses of Prostate Cancer 
(OLIGOPELVIS) Available at: https://clinicaltrials.gov/ct2/show/
NCT02274779. Accessed July 31, 2018.

 69. Standard Systemic Therapy With or Without Definitive Treatment 
in Treating Participants With Metastatic Prostate Cancer. Available 
at: https://clinicaltrials.gov/ct2/show/NCT03678025. Accessed 
October 8, 2018.

 70. PEACE V: Salvage Treatment of OligoRecurrent Nodal Prostate 
Cancer Metastases (STORM). Available at:https://clinicaltrials.gov/
ct2/show/NCT03569241. Accessed October 8. 2018.

 71. Conventional Care Versus Radioablation (Stereotactic Body 
Radiotherapy) for Extracranial Oligometastases (CORE). Available 
at: https://clinicaltrials.gov/ct2/show/NCT02759783. Accessed 
October 8, 2018.

 72. Reyes DK, Pienta KJ. The biology and treatment of oligometastatic 
cancer. Oncotarget. 2015;20:8491-8524.

 73. Joice GA, Rowe SP, Pienta KJ, Gorin MA. Oligometastatic pros-
tate cancer: shaping the definition with molecular imaging and 
an improved understanding of tumor biology. Curr Opin Urol. 
2017;27:533-541.

 74. Uppal A, Wightman SC, Mallon S, et al. 14q32-Encoded mi-
croRNAs mediate an oligometastatic phenotype. Oncotarget. 
2015;6:3540-3552.

 75. Wong AC, Watson SP, Pitroda SP, et al. Clinical and molecular 
markers of long-term survival after oligometastasis-directed stereo-
tactic body radiotherapy (SBRT). Cancer. 2016;122:2242-2450.

 76. Pitroda SP, Khodarev NN, Huang L, et al. Integrated molecular 
subtyping defines a curable oligometastatic state in colorectal liver 
metastasis [serial online]. Nat Commun. 2018;9:1793.

 77. Shah RB, Mehra R, Chinnaiyan AM, et al. Androgen-independent 
prostate cancer is a heterogeneous group of diseases: lessons from a 
rapid autopsy program. Cancer Res. 2004;64:9209-9216.

 78. Quigley DA, Dang HX, Zhao SG, et al. Genomic hallmarks 
and structural variation in metastatic prostate cancer. Cell. 
2018;174:758-769.

 79. Wu YM, Cieslik M, Lonigro RJ, et al. Inactivation of CDK12 delin-
eates a distinct immunogenic class of advanced prostate cancer. Cell. 
2018;173:1770-1782.

 80. National Comprehensive Cancer Network. NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines): Prostate Cancer. 
Version 4.2018. Fort Washington, PA: National Comprehensive 
Cancer Network; 2018. Available at: https://www.nccn.org/profes-
sionals/physician_gls/pdf/prostate.pdf. Accessed August 29, 2018.

 81. Wolf JS Jr, Cher M, Dall’era M, Presti JC Jr, Hricak H, Carroll 
PR. The use and accuracy of cross-sectional imaging and fine needle 
aspiration cytology for detection of pelvic lymph node metastases 
before radical prostatectomy. J Urol. 1995;153:993-999.

https://clinicaltrials.gov/ct2/show/NCT01859221
https://clinicatrials.gov/ct2/show/NCT03298087
https://clinicatrials.gov/ct2/show/NCT03298087
https://clinicaltrials.gov/ct2/show/NCT03301701
https://clinicaltrials.gov/ct2/show/NCT03301701
https://clinicaltrials.gov/ct2/show/NCT02192788
https://clinicaltrials.gov/ct2/show/NCT02192788
https://clinicaltrials.gov/ct2/show/NCT02563691
https://clinicaltrials.gov/ct2/show/NCT02563691
https://clinicaltrials.gov/ct2/show/NCT03304418
https://clinicaltrials.gov/ct2/show/NCT02935023
https://clinicaltrials.gov/ct2/show/NCT02935023
https://clinicaltrials.gov/ct2/show/NCT02489357
https://clinicaltrials.gov/ct2/show/NCT02489357
https://clinicaltrials.gov/ct2/show/NCT02971358
https://clinicaltrials.gov/ct2/show/NCT02971358
https://clinicaltrials.gov/ct2/show/NCT03477864
https://clinicaltrials.gov/ct2/show/NCT03525288
https://clinicaltrials.gov/ct2/show/NCT02716974
https://clinicaltrials.gov/ct2/show/NCT03043807
https://clinicaltrials.gov/ct2/show/NCT03043807
https://clinicaltrials.gov/ct2/show/NCT03358563
https://clinicaltrials.gov/ct2/show/NCT03358563
https://clinicaltrials.gov/ct2/show/NCT02680587
https://clinicaltrials.gov/ct2/show/NCT02680587
https://clinicaltrials.gov/ct2/show/NCT02742675
https://clinicaltrials.gov/ct2/show/NCT03007732
https://clinicaltrials.gov/ct2/show/NCT03007732
https://clinicaltrials.gov/ct2/show/NCT02274779
https://clinicaltrials.gov/ct2/show/NCT02274779
https://clinicaltrials.gov/ct2/show/NCT03678025
https://clinicaltrials.gov/ct2/show/NCT03569241
https://clinicaltrials.gov/ct2/show/NCT03569241
https://clinicaltrials.gov/ct2/show/NCT02759783
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf


Review Article

352 Cancer  February 1, 2019

 82. Harisinghani MG, Barentsz J, Hahn PF, et al. Noninvasive detec-
tion of clinically occult lymph-node metastases in prostate cancer. N 
Engl J Med. 2003;348:2491-2499.

 83. Minamimoto R, Loening A, Jamali M, et al. Prospective compar-
ison of 99mTc-MDP scintigraphy, combined 18F-NaF and 18F-
FDG PET/CT, and whole-body MRI in patients with breast and 
prostate cancer. J Nucl Med. 2015;56:1862-1868.

 84. Jadvar H. Molecular imaging of prostate cancer with 
18F-fluorodeoxyglucose PET. Nat Rev Urol. 2009;6:317-323.

 85. Apolo AB, Lindenberg L, Shih JH, et al. Prospective study evaluat-
ing Na18F PET/CT in predicting clinical outcomes and survival in 
advanced prostate cancer. J Nucl Med. 2016;57:886-892.

 86. Umbehr MH, Muntener M, Hany T, Sulser T, Bachman LM. The 
role of 11C-choline and 18F-fluorocholine positron emission tomog-
raphy (PET) and PET/CT in prostate cancer: a systematic review 
and meta-analysis. Eur Urol. 2013;64:106-117.

 87. Contractor K, Challapalli A, Barwick T, et al. Use of [11C]choline 
PET-CT as a noninvasive method for detecting pelvic lymph node 
status from prostate cancer and relationship with choline kinase ex-
pression. Clin Cancer Res. 2011;17:7673-7683.

 88. Nanni C, Schiavina R, Brunocilla E, et al. 18F-fluciclovine PET/
CT for the detection of prostate cancer relapse: a comparison to 
11C-choline PET/CT. Clin Nucl Med. 2015;40:e386-e391.

 89. Wong HS, Leung J, Bartholomeusz D, et al. Comparative study be-
tween 68Ga-prostate-specific membrane antigen positron emission 
tomography and conventional imaging in the initial staging of pros-
tate cancer [published online ahead of print August 28, 2018]. J Med 
Imaging Radiat Oncol. https://doi.org/10.1111/1754-9485.12791.

 90. Moul JW. Yes or no to local therapy for oligometastatic prostate can-
cer? Nat Rev Urol. 2018;15:399-400.

 91. Sooriakumaran P, Karnes J, Stief C, et al. A multi-institutional anal-
ysis of perioperative outcomes in 106 men who underwent radical 
prostatectomy for distant metastatic prostate cancer at presentation. 
Eur Urol. 2016;69:788-794.

 92. Parker CC, James ND, Brawley CD, et al. Radiotherapy to the 
primary tumour for newly diagnosed, metastatic prostate cancer 
(STAMPEDE): a randomised controlled phase 3 trial [published 
online ahead of print October 21, 2018]. Lancet. https://doi.
org/10.1016/S0140-673632486-3.

 93. James ND, Spears MR, Clarke NW, et al. Survival with newly di-
agnosed metastatic prostate cancer in the “docetaxel era”: data from 
917 patients in the control arm of the STAMPEDE trial (MRC 
PR08, CRUK/06/019). Eur Urol. 2015;67:1028-1038.

 94. Berry DA, Ueno NT, Johnson MM, et al. High-dose chemotherapy 
with autologous hematopoietic stem-cell transplantation in meta-
static breast cancer: overview of 6 randomized trials. J Clin Oncol. 
2011;29:3224-3231.

 95. Phillips RM, Hayman J, Tran PT. STOMPing out hormone-sensi-
tive metastases with local therapies in prostate cancer. J Clin Oncol. 
2018;36:435-437.

 96. Nguyen PL, Alibhai SM, Basaria S, et al. Adverse effects of andro-
gen deprivation therapy and strategies to mitigate them. Eur Urol. 
2015;67:825-836.

 97. Duchesne GM, Woo HH, Bassett JK, et al. Timing of andro-
gen-deprivation therapy in patients with prostate cancer with a 
rising PSA (TROG 03.06 and VCOG PR 01-03 [TOAD]): a ran-
domised, multicentre, non-blinded, phase 3 trial. Lancet Oncol. 
2016;17:727-737.

 98. Radwan N, Phillips R, Ross A, et al. A phase II randomized trial 
of observation versus stereotactic ablative radiation for oligomet-
astatic prostate cancer (ORIOLE) [serial online]. BMC Cancer. 
2017;17:453.

 99. Pound C, Partin A, Eisenberger M, Chan DW, Pearson JD, Walsh 
PC. Natural history of progression after PSA elevation following 
radical prostatectomy. JAMA. 1999;281:1591-1597.

 100. Antonarakis ES, Trock BJ, Feng Z, et al. The natural history of met-
astatic progression in men with PSA-recurrent prostate cancer after 
radical prostatectomy: 25-year follow-up [abstract]. J Clin Oncol. 
2009;27(suppl):5008.

 101. Rowe SP, Macura KJ, Mena E, et al. PSMA-based [18F]DCFPyL 
PET/CT is superior to conventional imaging for lesion detection 
in patients with metastatic prostate cancer. Mol Imaging Biol. 
2016;18:411-419.

 102. Immediate versus deferred treatment for advanced prostatic cancer: 
initial results of the Medical Research Council Trial. The Medical 
Research Council Prostate Cancer Working Party Investigators 
Group. Br J Urol. 1997;79:235-246.

 103. Uppal A, Ferguson MK, Posner MC, Hellman S, Khodarev NN, 
Weichselbaum RR. Towards a molecular basis of oligometa-
static disease: potential role of micro-RNAs. Clin Exp Metastasis. 
2014;31:735-748.

 104. Gundem G, Van Loo P, Kremeyer B, et al. The evolutionary history 
of lethal metastatic prostate cancer. Nature. 2015;520:353-357.

 105. Hong MK, Macintyre G, Wedge DC, et al. Tracking the origins and 
drivers of subclonal metastatic expansion in prostate cancer [serial 
online]. Nat Commun. 2015;6:6605.

 106. Norton L, Simon R. The Norton-Simon hypothesis revisited. 
Cancer Treat Rep. 1986;70:163-169.

 107. Formenti SC, Demaria S. Systemic effects of local radiotherapy. 
Lancet Oncol. 2009;10:718-726.

 108. Hansen AR, Massard C, Ott PA, et al. Pembrolizumab for advanced 
prostate adenocarcinoma: findings of the KEYNOTE-028 study. 
Ann Oncol. 2018;29:1807-1813.

 109. De Bono JS, Goh JCH, Ojamaa K, et al. KEYNOTE-199: pem-
brolizumab (pembro) for docetaxel-refractory metastatic-castra-
tion resistant prostate cancer (mCRPC) [abstract]. J Clin Oncol. 
2018;36(suppl):5007.

 110. Weichselbaum RR, Liang H, Deng L, Fu YX. Radiotherapy 
and immunotherapy: a beneficial liaison? Nat Rev Clin Oncol. 
2017;14:365-379.

 111. Cattrini C, Zanardi E, Boccardo F. Androgen-deprivation therapy 
is more than palliation in oligometastatic prostate cancer [serial on-
line]. J Clin Oncol. 2018;36:2350.

 112. Roubaud G, Liaw BC, Oh WK, Mullholland DJ. Strategies to avoid 
treatment-induced lineage crisis in advanced prostate cancer. Nat 
Rev Clin Oncol. 2017;14:269-283.

https://doi.org/10.1111/1754-9485.12791
https://doi.org/10.1016/S0140-673632486-3
https://doi.org/10.1016/S0140-673632486-3

