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Abstract
The advent of modern diagnostic techniques and improved patient monitoring in the setting of clinical trials has led 
to an increased diagnosis of oligometastatic prostate cancer (OMPC), defined as three-to-five metastatic deposits 
in a single organ or multiple organs. OMPC is increasingly diagnosed in men who were in the past considered to 
have organ-confined disease. OMPC occurs at the transition between localized prostate cancer and widespread 
metastases. Our review evaluates the available evidence regarding robot-assisted cytoreductive prostatectomy 
feasibility and oncological outcomes in oligometastatic settings. We also consider the limitations and future 
directions for this approach. We performed a non-systematic PubMed and Google Scholar search. We screened 
pertinent studies published from 2014 up to May 2021. Our search identified 524 records. After excluding 
duplication, 54 full-text articles were identified and were screened for eligibility. We found nine papers (863 
patients) that met the inclusion criteria for the review. The outcomes evaluated were 1-, 3-, and 5-year 
progression-free survival, cancer-specific and overall survival rates. Our review article demonstrates the feasibility 
and safety of Robot-assisted radical prostatectomy in patients with OMPC with proven oncological benefits. 
Prospective studies are ongoing and may provide further solid evidence.
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INTRODUCTION
Oligometastatic prostate cancer (OMPC) is generally defined as cancer in patients with 3-5 metastatic 
deposits in a single organ or multiple organs on conventional imaging. With the advent of modern 
diagnostic techniques and improved patient monitoring in the setting of clinical trials, OMPC is 
increasingly diagnosed in men who were in the past considered to have organ-confined disease[1,2]. OMPC 
occurs at the transition between localized prostate cancer and widespread metastases. Recent data suggest 
that molecular differences exist between OMPC and polymetastatic prostate cancer (PMPC) {metastases at 
> 5 sites}. It is known, as well, that OMPC patient populations behave differently from PMPC in the clinical 
setting[3-5]. A compelling difference in overall survival in men with OMPC vs. PMPC has also been shown (< 
5 metastases at the time of diagnosis)[6].

Men with localized prostate cancer are managed with active surveillance, focal therapy, or radical therapy, 
either radical prostatectomy or radiotherapy[7]. Robot-assisted radical prostatectomy (RARP) is the most 
common form of surgical treatment for localized prostate cancer. The current standard of care for men with 
metastatic prostate cancer (MPC) is chemohormonal therapy or androgen deprivation therapy with/without 
abiraterone acetate/prednisone[8]. Treatment of a primary tumor in the metastatic setting is pursued only as 
a palliative measure (e.g., patients with significant local symptoms secondary to primary tumor)[9]. It is 
biologically feasible, however, that an unchecked local tumor may encourage the progression of metastases, 
possibly acting as a source for tumor seeding, which has been shown in other types of metastatic cancer. 
This would mean that the longer the primary tumor remains in the body, the greater the chances of new 
metastatic deposits[10]. It is logical to say that treating primary tumor can delay the progression of metastases 
and improve survival in men with MPC.

Regardless of unsatisfactory evidence from survival statistics, local treatment is sometimes used in the 
management of OMPC. Our review evaluates the available evidence regarding robot-assisted cytoreductive 
prostatectomy (CRP) feasibility and oncological outcomes in oligometastatic settings. We also consider the 
limitations and future directions for this approach.

EVIDENCE ACQUISITION AND SEARCH STRATEGY
A non-systematic PubMed and Google Scholar search were performed for English language publications 
from January 2014 to May 2021. Key search terms included “prostate cancer” and “oligometastatic” or 
“cytoreductive prostatectomy” or “robot-assisted prostatectomy” AND “oligometastatic”. At first, we 
searched the abstracts of studies for relevant inclusion. Next, we retrieved full-text original articles from the 
selected abstracts. We utilized two reviewers (VW, FB) to independently assess abstracts and original 
articles for eligibility. We classified the relevant materials as inclusion, unsure, or exclusion. In the case of 
dispute between the two reviewers, consensus was reached to resolve the difference of opinion. Detailed 
screening of relevant full-text-articles’ references was performed to identify additional pertinent articles not 
found in the PubMed database and through Google Scholar. Following studies were excluded: non-relevant 
or partially relevant secondary publications and systematic reviews, unavailable full-text articles. Figure 1 
demonstrates flow chart of search strategy and final number of articles included in the current review.

Studies were eligible for inclusion in our review if they included patients who opted for open or robot-
assisted cytoreductive prostatectomy for histologically proven prostate cancer and evidence of 
oligometastatic disease on relevant imaging or biopsy. As a primary outcome, we evaluated whether the 
proposed open or robot-assisted CRP was associated with progression-free survival (PFS), cancer-specific 
survival (CSS) or overall survival (OS). Studies without CRP or oncological outcomes were excluded.
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Figure 1. Flow chart.

Definition of progression
PFS was defined as the time from starting androgen deprivation therapy to the evidence of biochemical or 
clinical progression. Biochemical progression was defined as two consecutive PSA readings ≥ 0.2 ng/mL 
separated by 2-week intervals if PSA decreased to undetectable serum levels postoperatively. Clinical 
progression was determined as the onset of new symptoms due to local progression or distant metastases. 
CSS was defined as the time from prostate cancer diagnosis to death related to prostate cancer events. OS 
was defined as the time from prostate cancer diagnosis to death from any noncancer-related cause.
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DATA-EXTRACTION
Table 1 shows the summary of included studies that were finalized after evidence acquisition and search 
strategy. It involves sample size, study design, the definition of OMPC, and the selected approach - CRP, 
PFS, CCS, and OS [Table 1].

RESULTS
Our search identified 524 records. After excluding duplication, 54 full-text articles were identified and were 
screened for eligibility. We found nine papers (863 patients) that met the inclusion criteria for the review. 
Four studies were retrospective; four were population-based. One study was prospective.

Heidenreich et al.[7] assessed 113 patients with osseous MPC who underwent CRP. The results showed 80% 
5-year OS, 9% risk of surgery-related complications, and 68% urinary continence at 12 months after CRP. 
Sooriakumaran et al.[11] retrospectively assessed 106 patients with MPC who underwent CRP with extended 
lymphadenectomy. They reported 89% OS at 23 months, 64% urinary continence at 3 months, and 14% 
surgery-related complications. Jang et al.[12] retrospectively reviewed records of 79 men with OMPC, 38 of 
whom underwent robot-assisted CRP. They found 75% PFS in patients with RA-CRP vs. 40% PFS in men 
without RA-CRP at 40 months. Additionally, 5% of men experienced surgery-related complications in the 
RA-CRP group. Culp et al.[13] used a population-based SEER database of 8185 men with MPC of whom 245 
underwent CRP. They reported CSS of 76% in CRP vs. 61% with non-CRP men at 5 years. The authors also 
noted OS at 5 years at 67% in the CRP group vs. 53% in the non-CRP group. Gandaglia et al.[14] analyzed 
perioperative and long-term (7 years) oncologic outcomes of radical prostatectomy in a selected cohort of 
11 patients with OMPC treated with RP and extended pelvic lymph node dissection. PFS was 45% and CSM 
was 82% with 18% of grade 3 post-operative complications. Satkunasivam et al.[15] assessed survival following 
local therapy in comparison with no local therapy for 4069 men with metastatic prostate cancer from the 
SEER-Medicare linked database. RP compared to NLT was associated with a 52% reduction in the risk of 
prostate cancer-specific mortality (HR = 0.48, 95%CI: 0.27-0.85). OS at 3 years was 73% for RP. 
Gratzke et al.[16] reported the results of 1538 patients from the Munich Cancer Registry with newly 
diagnosed MPCa. Of these, 1464 patients (95%) without surgery (RP-) vs. 74 patients (5%) underwent 
RP+[16]. Patients in the RP+ group showed a 55% 5-year OS rate compared with 21% in the RP- group (P < 
0.01). Antwi et al.[17] evaluated 7858 patients obtained from the SEER program who underwent RP or BT. In 
the RP group, they found a 73% (HR = 0.27, 95%CI: 0.20-0.38) lower risk of all-cause mortality and 72% (HR 
= 0.28, 95%CI: 0.20-0.39) reduced risk of death from prostate cancer[17]. Poelaert et al.[18] prospectively 
compared early results of 36 patients with cytoreductive radical prostatectomy (17) vs. no local treatment 
(29). RP group patients were younger (64 years vs. 72 years, P = 0.005), had lower initial prostate-specific 
antigen (15.9 g/L vs. 156 g/L, P = 0.002), and less high-volume metastatic disease (5.9% vs. 69%, P < 0.001). 
At 3 months 2 (6.8%), 11 (37.9%), and 2 (6.8%), patients suffered urge incontinence, obstructive voiding 
needing medical intervention, and ureteric obstruction, and 5 (29.4%) and 2 (11.8%) patients suffered grades 
1 and 2 post-operative complications[18].

DISCUSSION
Robot-assisted radical prostatectomy (RARP) is the most common form of treatment in men with organ-
confined prostate cancer[19]. RARP has shown promising results in locally advanced prostate cancer 
treatment[20]. Here we reviewed 9 papers (4 retrospective, 4 population-based and 1 prospective) for 
oncological and functional outcomes of cytoreductive radical prostatectomy (open or robot-assisted) in 
OMPC settings. We identified 3 key themes: (1) improved overall survival statistics (PFS, OS, CSS) are seen 
after CRP for men with OMPC compared to men without CRP; (2) CPR is shown to be feasible and safe 
(fewer surgery-related complication rates with acceptable functional outcomes) with cytoreductive 
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Table 1. Summary of studies using CRP for OMPC

Authors Study type OMPC criteria 
(DM) n PFS CSS OS Functional 

outcome SRC (details)

Heidenreich et al.[7] 
(2018)

Retrospective ≤ 3 Bone (CT, SS) 104 (O-CRP) 
9 (RA-CRP)

NR 89% at 3 years; 81% at 
5 years

80% at 5 years 68% UC at 12 
months

9% (5% - RL for bleeding; 4%-
LD)

Sooriakumaran et al.[11] 
(2016)

Retrospective M1a-M1b 
(CT, SS)

106 (O-CRP) NR NR 89% at 23 months 64% UC at 3 
months

19% (14%-BT; 5%-LD)

Jang et al.[12] (2018) Retrospective ≤ 5 Bone (SS) 38 (RA-CRP) 
41 (NLT)

75% (RA-CRP) vs. 40% 
(NLT) at 40 months

NR NR NR 13% (8%-BT; 5%-RL for rectal 
injury; bleeding)

Culp et al.[13] (2014) Population 
based

M1a-M1c (NR) 245 (O-CRP) 
7811 (nCRP)

NR 76% (RP) vs. 61% 
(nCRP) at 5 years

67% (RP) vs. 53% 
(nCRP) at 5 years

NR NR

Antwi and Everson[17] 
(2014)

Population 
based

M1a-M1c (SS) 222 (O-CRP) NR 85% 82% NR NR

Gratzke et al.[16] (2014) Population 
based

M1 (SS) 74 (O-CRP) 
7811 (NLT)

NR NR 55% (RP) vs. 21% 
(NLT) at 5 years

NR NR

Satkunasivam et al.[15] 
(2015)

Population 
based

M1 (CT, SS) 47 (O-CRP) NR 79% at 3 years 73% at 3 years NR NR

Gandaglia et al.[14] 
(2016)

Retrospective ≤ 5 Bone 
(CT/MRI, SS)

11 (RA-CRP) NR 82% at 7 years NR NR 82% (73%-BT, 9%-RL for 
anastomotic leakage)

Poelaert et al.[18] (2017) Prospective < 4 Bone (SS) 1 (O-CRP) 
15 (RA-CRP) 
9 (NLT)

NR 100% (RP) vs. 61% 
(NLT) at 2 years

100% (RP) vs. 51% 
(NLT) at 2 years

49% UC at 3 
months

0%

CRP: Cytoreductive radical prostatectomy; OMPC: oligometastatic prostate cancer; DM: diagnostic method; PFS: progression-free survival; CSS: cancer-specific survival; OS: overall survival; SRC: surgery-related 
complications; CT: computed tomography; SS: skeletal scintigraphy; MRI: magnetic resonance imaging; O-CRP: open cytoreductive radical prostatectomy; RA-CRP: robot-assisted cytoreductive radical 
prostatectomy; UC: urinary continence (defined as 0-1 pads per day); NLT: no local therapy; NR: not reported; RL: repeat laparotomy; LD: lymphocele drainage; BT: blood transfusion.

prostatectomy in OMPC settings; and (3) an emerging role for robot-assisted cytoreductive prostatectomy in selected men with OMPC.

Men diagnosed with metastatic prostate cancer usually receive systemic therapy, such as androgen deprivation therapy and chemotherapy, while radical 
prostatectomy is typically reserved for localized prostate cancers. However, Tzelepi et al.[21] demonstrated the intra-prostatic survival of lethal prostate cancer 
cell clones with the biological potential to metastasize despite systemic therapy. A growing body of evidence suggests that control of a primary tumor may 
delay the progress of metastases, thereby improving overall survival and reducing prostate cancer-specific mortality. Recently systematic review and meta-
analysis were conducted that compared CRP to systemic and radiation therapy in the treatment of OMPC. This systematic review showed that CRP had 
significantly higher 1-, 3-, and 5-year CSS and OS rates compared to systemic therapy[22]. This review of the current literature also demonstrated that men with 
OMPC experience improved PFS, OS, and CSS after CRP.
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Preisser et al.[23] compared perioperative results between CRP and RP for localized prostate cancer and 
reported that CRP results in more complications and longer hospital stays. However, CRP also reduces 
long-term local complications, including bleeding, bladder outlet obstruction, and ureteral obstruction. 
Published results of CR-related complication rates were 20% compared to 53% for systemic therapy and 47% 
for men who received radiotherapy. Surgery complication rates in our review series ranged from 5%-18%.

The debate surrounding RARP vs. ORP is unlikely to have a clear resolution soon, but an increasing 
number of surgeons are trained in, and routinely perform, RARP. The benefits of the technique have been 
described for nerve sparing and continence or sexual function preservation, and the robotic approach 
continues to gain acceptance for a larger number of indications. Numerous studies show that the robotic 
approach is increasingly becoming the first-choice strategy of urologists, even in metastatic cases[24]. In a 
2010 study on CRP for OMPC patients, only 9 robotic CRP procedures were conducted vs. 104 open 
procedures[7]. Just a few years later, Sooriakumaran et al.[11] conducted a multicenter study where the choice 
of approach was left to the clinician’s discretion and in one center, all 5 procedures (100%) were performed 
with robot-assisted procedures. In 2017 as described in Jang et al.[12], 38 robotic surgeries were assessed; 
followed by Poelaert et al.[18] who described the outcomes of 17 patients, 16 of whom underwent robotically 
assisted CPR. In this study, the authors found return of 70.6% continence with no local symptoms in the 
surgery group vs. 44.8% in the non-RARP group (P = 0.014). Obstructive voiding with the need for medical 
intervention was present in 37.9% of patients who did not have robotic surgery and 6.8% had ureteric 
obstruction with 3.4% requiring JJ-stenting. Three months after CRP, 29.4% and 11.8% of patients suffered 
grade 1 and 2 complications, respectively. Robotic surgery was shown to be as safe in OMPC as in non-
metastatic disease with acceptable surgical morbidity and oncological outcomes. In Poelaert et al.[18], there 
were no high-grade (> grade 2) complications. While 41.2% of patients suffered low-grade complications, 
outcomes appeared to be improved over the Heidenreich et al.[7] open CRP series with a lower 39.1% 
complication rate, but with 13% of patients experiencing grade 3 complications. A recent randomized 
controlled trial of surgery plus best systemic therapy vs. best systematic therapy alone for men with OMPC 
has completed accrual in the UK (the TROMBONE trial) and is currently awaiting publication[25].

CONCLUSION
Reviewing the relevant literature, we find that RP and RARP in particular, appear to be feasible and safe for 
patients diagnosed with oligometastatic prostate cancer, providing oncological benefit for this growing 
population of patients with low volume metastasis. Future studies should address the selection of patients 
for potential multimodal therapeutic strategies.
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