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Abstract

:

Simple Summary


Prostate cancer affects one out of every eight men over the course of their lifetimes, and recurrence of the disease after initial cancer treatment occurs in almost one-third of men. The aim of our review was to assess the role of salvage radical prostatectomy in patients with prostate cancer recurrence after initial treatment with radiotherapy. Outcome data demonstrate that radical prostatectomy has oncologic benefits, although it incurs several intraoperative and postoperative functional risks including rectal injury, erectile dysfunction, and incontinence. Given that there is no clinical consensus on which management approach is superior for patients with localized prostate cancer recurrence, this review provides evidence that radical prostatectomy offers meaningful cancer control and should be considered for select patients with radiation-resistant disease.




Abstract


There are multiple treatment strategies for patients with localized prostate adenocarcinoma. In intermediate- and high-risk patients, external beam radiation therapy demonstrates effective long-term cancer control rates comparable to radical prostatectomy. In patients who opt for initial radiotherapy but have a local recurrence of their cancer, there is no unanimity on the optimal salvage approach. The lack of randomized trials comparing surgery to other local salvage therapy or observation makes it difficult to ascertain the ideal management. A narrative review of existing prospective and retrospective data related to salvage radical prostatectomy after radiation therapy was undertaken. Based on retrospective and prospective data, post-radiation salvage radical prostatectomy confers oncologic benefits, with overall survival ranging from 84 to 95% at 5 years and from 52 to 77% at 10 years. Functional morbidity after salvage prostatectomy remains high, with rates of post-surgical incontinence and erectile dysfunction ranging from 21 to 93% and 28 to 100%, respectively. Factors associated with poor outcomes after post-radiation salvage prostatectomy include preoperative PSA, the Gleason score, post-prostatectomy staging, and nodal involvement. Salvage radical prostatectomy represents an effective treatment option for patients with biochemical recurrence after radiotherapy, although careful patient selection is important to optimize oncologic and functional outcomes.
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1. Introduction


Prostate cancer remains the most common non-dermatologic cancer among men in the United States [1]. With an estimated 268,490 new cases and 34,500 deaths in 2022 alone, prostate cancer will affect 1 out of every 8 men over the course of their lifetimes [1]. Despite the prevalence and public health implications of prostate cancer, guidelines for screening using prostate-specific antigen (PSA) remain variable among physician organizations [2]. As of 2023, the American Urological Association (AUA) recommends a shared decision-making model between clinician and patient, with PSA screenings every 2–4 years initiated at 45–50 years of age for patients with average risk [3]. Fortunately, greater than 70% of prostate cancer is diagnosed at a localized stage, and the five-year survival rate for prostate cancer is the highest of all cancers at nearly 100% [1]. For localized prostate adenocarcinoma, the National Comprehensive Cancer Network (NCCN) recommends treatment strategies by stratifying patients into six risk categories based on a digital rectal examination, serum PSA, a prostate biopsy, and imaging studies. The primary treatment strategies endorsed—which are consistent with recommendations from the AUA and the American Society of Therapeutic Radiology and Oncology (ASTRO) [4]—are active surveillance, external beam radiation therapy (EBRT) with or without androgen deprivation therapy (ADT), brachytherapy, or open or robot-assisted laparoscopic radical prostatectomy (RP) [5]. Still, while these treatment modalities offer excellent and comparable long-term survival, a subset of patients experience disease recurrence despite primary treatment [6].



The serial evaluation of serum PSA is the primary surveillance method in males who have undergone initial treatment for localized prostate cancer. Despite undergoing definitive treatment for localized prostate cancer, an estimated 20–50% of men will experience rising PSA levels with no clinical evidence of disease relapse [7]—also known as biochemical recurrence (BCR). The AUA defines BCR as a post-prostatectomy serum PSA ≥ 0.2 ng/mL, followed by a subsequent confirmatory serum PSA value ≥ 0.2 ng/mL [8]. ASTRO’s Phoenix criteria define BCR following EBRT specifically; the criteria state that a serum PSA rise of ≥2 ng/mL above the nadir PSA is considered BCR after EBRT, regardless of whether the patient received ADT [9]. Twenty-seven percent of BCR occurs within five years of initial treatment, but the risk of BCR does not plateau for at least 15 years [10]. Imaging is critical for the localization of the recurrence, which enables providers to accurately restage patients and therefore determine the most appropriate salvage therapy regimen. Positron emission tomography (PET) using novel radiotracers that target prostate-specific membrane antigen (PSMA) has demonstrated increased sensitivity and specificity for detecting micrometastatic disease at both initial staging and at BCR, especially in patients with lower PSA values [11,12,13]. In patients with concern for recurrence, multiparametric magnetic resonance imaging (mpMRI) of the prostate is a well-validated tool and the imaging modality of choice for previously irradiated patients. mpMRI can identify residual disease in the irradiated prostate as well as any locoregional recurrences, including extraprostatic extension and seminal vesicle invasion [14,15,16]. mpMRI is also useful to guide confirmatory prostate biopsy. Because negative prostate re-biopsy rates after irradiation range from 62 to 80%, a consensus statement by ASTRO recommends that prostate re-biopsy should only be performed if salvage therapy is being planned [17].



Among men with biopsy-proven post-radiation recurrence, there is currently no consensus on the optimal approach for salvage therapy [18]. Current options include RP, EBRT, brachytherapy, focal therapies, ADT, and enrollment in clinical trials, but there is a dearth of randomized clinical trials comparing these different options with each other or with observation. In fact, in a meta-analysis of 150 studies of local salvage therapies after radiotherapy for prostate cancer, adjusted recurrence-free survival rates were equivocal across modalities at 5 years [19]. Regardless of salvage therapy choice, there is a clinical imperative to treat men who experience BCR after radiation therapy (RT) because these men are at an increased risk of developing metastatic disease and dying of prostate cancer [20]. In combination with the patient’s age and overall health, clinical and pathologic parameters at the time of original diagnosis are helpful in predicting the patients who are most likely to benefit from intervention. Men with pre-salvage PSA levels > 10 ng/mL, pre-salvage T3/T4 disease, or pre-salvage Gleason scores ≥ 7 on re-biopsy are unlikely to be cured by local salvage therapy [21]. The objective of this review is to assess the efficacy, complications, and outcome data reported on salvage radical prostatectomy in patients with prostate cancer recurrence after radiotherapy.




2. Methods


Systematic literature searches in MEDLINE (via Pubmed), Google Scholar, and clinicaltrials.gov databases were undertaken to identify published materials on oncologic and functional outcomes of salvage RP after primary RT for prostate cancer. All articles available in English and published after the year 1993 were considered. Letters, editorials, meeting abstracts, replies from authors, and case reports with fewer than 10 patients were excluded. Given that there is no strong evidence or clinical consensus on which of the several therapeutic options for patients with localized post-radiation recurrence is superior, this review will highlight the advantages and discuss the disadvantages of surgical intervention in previously irradiated patients based on surgical approach and primary radiotherapy type.




3. Results and Discussion


Our search identified 1331 studies for consideration, including 182 registered clinical trials. After exclusion and screening, 24 total studies were included in our review, including three clinical trials identified via the clinicaltrials.gov register. Flow diagram for study selection according to PRISMA 2020 guidelines is shown in Figure 1 [22].



3.1. Oncologic Outcomes


Although no randomized clinical trial data for salvage radical prostatectomy after radiotherapy exist, several multi- and single-center studies have reported both retrospective and prospective oncologic outcomes in this population (Table 1). The studies with the largest patient populations were multicenter, retrospective studies. The reported survival metrics varied across studies, with all studies reporting either BCR-free survival (BFS) or progression-free survival (PFS) as the primary outcome for quantifying recurrence. Recurrence was defined in most studies as a PSA rise > 0.2 ng/mL, although some studies used a higher threshold of >0.4 ng/mL. Some studies additionally reported cancer-specific survival (CSS), metastasis-free survival (MFS), and overall survival (OS). There was a wide range of follow-up times across the examined studies, with most studies (88%) reporting survival statistics for at least 5 years after surgery. Only 35% of studies reported survival statistics for 10 years after surgery. Overall, 5-year BFS/PFS ranged from 39 to 61% and 10-year BFS/PFS ranged from 31 to 48%. MFS was only reported in three studies, ranging from 75 to 90% at 5 years and from 65 to 77% at 10 years. CSS ranged from 89 to 95% at 5 years and from 65 to 83% at 10 years. OS ranged from 84 to 95% at 5 years and from 52 to 77% at 10 years.



In one of the earliest studies on salvage RP after radiotherapy, Rogers et al. examined 40 patients with clinically localized (T1-T3N0) disease. The authors reported 55% PFS at 5 years, and the only factor significantly predictive of progression was a pre-RP serum PSA level greater than 10 ng/mL [23]. Tefilli et al. reported a slightly lower 5-year PFS of 44.4% in a group of 27 patients, noting that all patients with pathologically organ-confined disease were without recurrence at 3 years [24]. Lerner et al. examined a larger sample of 132 patients, although only 37 had T1-T3N0 disease. In this cohort, 10-year BFS was 47.3% after salvage RP, and a significant survival advantage was associated with both negative surgical margins and non-aneuploid tumors; pre-RP serum PSA levels were not analyzed [25]. Gheiler et al. followed 40 patients after salvage RP and reported 47.4% BFS at 3 years. Again, serum PSA > 10 ng/mL was associated with a higher risk of biochemical recurrence, but this was not significant in their study (73.7% vs. 31.6%, p = 0.65). Instead, pathologically organ-confined disease was a statistically significant predictor of BFS; seminal vesicle invasion (SVI) and positive lymph nodes were the worst prognosticators [26]. In the largest study with the longest follow-up published before the turn of the millennium, Amling et al. reported a 10-year post-salvage RP PFS of 43% for 108 prostate cancer patients. As in the analysis of Lerner et al., DNA ploidy was the strongest predictor of survival (p = 0.0002). Serum PSA > 10 ng/mL also correlated with lower PFS (70% vs. 47%, p = 0.057), but the interval between radiotherapy and salvage prostatectomy did not significantly affect PFS [27]. Taken together, these early studies suggest that the group of patients most likely to have durable disease control at 5 and even 10 years after surgery are those with lower pre-salvage serum PSA scores, non-aneuploid tumors, and organ-confined disease.



As concerns around the surgical morbidity associated with salvage radical prostatectomy faded, and urologists became less reluctant to perform salvage RP, results of earlier studies were built upon by more contemporary outcomes in the 21st century. Ward et al. retrospectively analyzed outcomes from 199 patients at a single center and reported an overall PFS of 48% at 10 years. Ploidy demonstrated significant predictive power for PFS (p < 0.05), and preoperative PSA > 10 ng/mL was again associated with worse survival (p = 0.007). The interval from RT to surgery did not correlate with PFS [28]. In a large, international, multi-institutional analysis of 404 patients, Chade et al. reported a 10-year BFS of 37%. The authors found that pre-RP serum PSA and pathologic Gleason score at RP predicted both recurrence (p = 0.014) and metastasis (p < 0.001), suggesting that the ideal salvage RP patients have pre-RP PSA < 4 ng/mL and post-radiation biopsy Gleason scores of 7 or less. Notably, freedom from clinical metastasis was observed in 77% of patients 10 years after salvage prostatectomy [29]. Similar studies with shorter follow-up periods corroborated these results (Table 1) [30,31,32,33,34,35]. Overall, these studies confirmed the role of pre-SP serum PSA as a predictive marker and provided stronger evidence on the prognostic value of pre-SP Gleason scores.



Studies published within the last five years provide the most comprehensive data on salvage radical prostatectomy outcomes and underscore improvements in surgical technique as well as novel robotic-assisted approaches. In 2019, Mohler et al. published the results of CALGB 9687 (Alliance), the first prospective, multi-institutional, single-arm salvage RP trial. The authors found that the 10-year BFS was 33% and that the 10-year OS was 52% [36]. These lower rates likely reflect the fact that previous studies were mostly retrospective and followed non-protocol recruitment. However, Mohler et al. reported a lower positive surgical margin rate (17%) relative to Chade et al. (25%) and Sanderson et al. (36%), reflecting improvements in overall surgical experience and skill. In a systematic review of salvage radical prostatectomy after radiotherapy, Grubmüller et al. reported a similar 10-year BFS of 31–37% across 2323 patients [37]. Pre-RP serum PSA, pre-RP biopsy Gleason Score, and pathologic lymph node involvement were the strongest prognostic factors for good outcomes. Grubmüller et al. were one of the first to report on outcomes related to the laparoscopic/robotic-assisted surgical approach, which significantly increased over time (0% vs. 22.4% after 2010, p < 0.0001). The authors found no difference in positive surgical margin rates (p = 0.13) and the pathologic stage after surgery (p = 0.55) when comparing robotic-assisted surgery to open surgery [37]. Catarino et al. examined 29 patients treated with laparoscopic salvage RP and reported that 5-year BFS was 50% with a positive surgical margin rate of 27.6%, although surgical margin status and pre-RP biopsy Gleason score did not affect BFS. However, positive lymph nodes, high pre-RP serum PSA, and high TNM stage were correlated with worse BFS [38]. Most recently, Calleris et al. looked to validate the European Association of Urology (EAU) guidelines that recommend restricting salvage radical prostatectomy for radio-recurrent prostate cancer to a favorable-prognosis group: those with organ-confined prostate cancer ≤ stage T2b, pre-RP Gleason score ≤ 7, and pre-SP PSA levels <10 ng/mL [39]. Of the 1030 men in their study, 221 fully met EAU criteria, and the EAU-compliant group experienced more favorable pathological outcomes; the authors reported improved 5-year MFS (90% vs. 76%, p < 0.001), 5-year BFS (55% vs. 38%, p < 0.001), and 5-year OS (89% vs. 84%, p = 0.01) [40]. Overall, the results from these recent series highlight that salvage radical prostatectomy after radiotherapy can achieve excellent tumor control via careful patient selection based on preoperative serum PSA, Gleason scores, and clinical stage.
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Table 1. Studies assessing oncologic outcomes for salvage radical prostatectomy after radiation therapy.
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	Authors (Year)
	Study Type and Follow Up Period
	N
	BFS (95% CI)
	PFS

(95% CI)
	MFS (95% CI)
	CSS

(95% CI)
	OS

(95% CI)
	Factors Associated with Improved Oncologic Outcomes
	Level of Evidence





	Grubmuller et al. (2021) [35]
	Systematic review,

10 years
	2232
	31–37%
	--
	65–72%
	72–83%
	--
	
	-

	
Lower pre-RP PSA levels




	-

	
Lower pre-RP Gleason Score




	-

	
Lower post-RP pathologic stage




	-

	
No lymph node involvement






	Level 2



	Mohler et al. (2019) [34]
	Prospective, multicenter,

10 years
	41
	33%
	--
	--
	--
	52%
	--
	Level 2



	Chade et al. (2011) [27]
	Retrospective, multicenter,

10 years
	404
	37%

(31–43)
	--
	77% (71–82)
	83%

(76–88)
	77% (71–82)
	
	-

	
Lower pre-RP PSA levels




	-

	
Lower pre-RP Gleason score






	Level 3



	Amling et al.

(1999) [25]
	Retrospective, single-center,

10 years
	108
	--
	43%
	--
	70%
	--
	
	-

	
Pre-RP PSA < 10




	-

	
Lower tumor DNA ploidy






	Level 3



	Lerner et al. (1995) [23]
	Retrospective, single-center, 10 years
	79
	47.3%
	--
	--
	72%
	64%
	
	-

	
Non-aneuploid tumors




	-

	
Negative surgical margins






	Level 3



	Ward et al. (2005) [26]
	Retrospective,

single-center,

10 years
	199
	48%
	--
	--
	65%
	--
	
	-

	
Lower tumor ploidy




	-

	
Lower % 4/5 Gleason grade




	-

	
Lower pathological stage






	Level 3



	Calleris et al. (2023) [38]
	Retrospective, multicenter,

5 years
	1030
	38–55%
	--
	75–90%
	--
	84–89%
	
	-

	
Pre-RP PSA < 10




	-

	
Lower grade on pre-SP biopsy




	-

	
Pre-RT TMN stage T1 or T2




	-

	
No lymph node involvement






	Level 3



	Catarino et al. (2022) [36]
	Prospective, single-center, 5 years
	29
	50%
	--
	--
	--
	--
	
	-

	
Lower pre-RP PSA levels




	-

	
Lower TNM stage




	-

	
No lymph node involvement






	Level 2



	Gorin et al. (2011) [32]
	Retrospective, single-center, 5 years
	24
	39%
	--
	--
	--
	90%
	
	-

	
No extracapsular extension






	Level 3



	Paparel et al. (2009) [31]
	Retrospective, single-center, 5 years
	146
	54% (44–63)
	--
	--
	89%
	--
	
	-

	
Lower pre-RP PSA levels




	-

	
Lower pre-RP Gleason scores






	Level 3



	Pisters et al. (2009) [30]
	Retrospective, single-center, 5 years
	42
	61%
	--
	--
	--
	95%
	--
	Level 3



	Sanderson et al. (2006) [29]
	Prospective, multicenter,

5 years
	51
	--
	47% (39–55)
	--
	--
	85% (80–90)
	
	-

	
Pre-RP PSA < 5




	-

	
Gleason score < 7






	Level 2



	Bianco et al. (2005) [28]
	Prospective, single-center,

5 years
	100
	--
	55% (46–64)
	--
	--
	--
	
	-

	
Lower pre-RP PSA levels




	-

	
Lower Gleason scores




	-

	
No seminal vesicle invasion




	-

	
No lymph node involvement






	Level 2



	Tefilli et al. (1998) [22]
	Retrospective, single-center, 5 years
	27
	44.4%
	--
	--
	--
	--
	--
	Level 3



	Rogers et al.

(1995) [21]
	Retrospective, single-center,

5 years
	40
	--
	55% (35–75)
	--
	95%
	--
	
	-

	
Pre-RP PSA level < 10




	-

	
No seminal vesicle invasion




	-

	
No lymph node involvement






	Level 3



	Yuh et al. (2014) [33]
	Prospective, single-center, 3 years
	51
	57%
	--
	--
	--
	--
	
	-

	
Lower pre-RP PSA levels




	-

	
No extracapsular extension






	Level 2



	Gheiler et al. (1998) [24]
	Retrospective, single-center,

3 years
	40
	47.4%
	--
	--
	--
	--
	
	-

	
Lower pre-RT TMN stage




	-

	
Organ-confined disease






	Level 3







BFS = BCR-free survival; PFS = progression-free survival; MFS = metastasis-free survival; CSS = cancer-specific survival; OS = overall survival.














3.2. Functional Outcomes and Complications


The high rates of post-surgical incontinence and erectile dysfunction have been major impediments to the acceptance of salvage radical prostatectomy. Functional morbidity associated with salvage radical prostatectomy is significant but has decreased over time with improvement in surgical techniques (Table 2). For example, only two of the nine studies published on or before 2010 reported 1-year incontinence rates after salvage RP lower than 50%, whereas four out of six studies published after 2010 reported 1-year incontinence rates lower than 50%. However, salvage RP is still a technically challenging operation because radiation induces fibrosis, alters tissue planes, and slows down tissue healing, all of which increase the risk of inadvertent intraoperative injuries and postoperative stricture or anastomotic leak compared to primary RP [41]. Furthermore, many irradiated patients endorse some level of preoperative urinary leakage and most endorse erectile dysfunction, making it difficult to isolate and assess surgery-specific changes [42,43]. In a propensity-matched cohort analysis of 53 patients, Bates et al. found that, compared to patients who underwent salvage radical prostatectomy, those who underwent primary robotic-assisted prostatectomy were more likely to return to both continence (p < 0.001) and potency (p = 0.043) [41].



Stephenson et al. were the first to illuminate that the functional morbidity associated with salvage RP has declined significantly over time. In a review of 100 cases, the authors found that grade II or greater complication rates had decreased significantly over the twenty-year time period from 1984 to 2003 (33% pre-1993 vs. 13% post-1993, p = 0.02), including the rectal injury rate (15% vs. 2%, p = 0.01) [44]. Continence rates increased slightly over time from 57% to 68%, but this was not statistically significant. The overall erectile potency rate was 16%, highlighting that erectile dysfunction is likely inevitable [44]. Although it is hard to say which clinical or pathologic factors outside of preoperative continence and erectile function may help to predict postoperative morbidity, Calleris et al. did find that the EAU-compliant group had improved continence rates (79% vs. 63%, p < 0.001) [40]. This suggests that organ-confined prostate cancer ≤ stage T2b, a pre-RP Gleason score ≤ 7, and pre-SP PSA levels < 10 ng/mL may be valuable prognosticators for functional outcomes in addition to oncologic outcomes.



The advent of Retzius-sparing robotic-assisted prostatectomy—which historically improves continence rates— led Mason et al. to examine functional outcomes between 45 traditional robotic-assisted cases and 81 Retzius-sparing salvage prostatectomies. Thirty-day complication rates were lower for the Retzius-sparing group (10% vs. 26%), with 0 rectal injuries. Continence outcomes were also significantly improved in the Retzius-sparing group (59% vs. 38%), although erectile impotency was similar across groups [45]. Notably, the rates of positive surgical margins and BCR were not significantly different between the groups, suggesting that a Retzius-sparing approach is safe and feasible for salvage prostatectomy.



In a small but early study of 18 patients who underwent salvage robotic-assisted RP, Eandi et al. reported a relatively low continence rate of 33% but demonstrated that functional outcomes were otherwise comparable to those of open salvage RP. Moreover, there were 0 rectal injuries when using the robotic approach [46]. Other retrospective studies followed suit, specifically examining complication rates between open versus robotic-assisted salvage radical prostatectomy. In demographic- and preoperative-risk-matched cohorts, Kenney et al. found that there was no statistically significant difference in the frequency (70% vs. 78.5%, p = 0.785) or severity (30% vs. 15.7% Clavien > 3, p = 0.501) of complications between the robotic and open groups at 90 days [47]. Notably, the robotic approach was associated with lower estimated blood loss, and no rectal injuries occurred in the robotic cohort compared to the two that occurred in the open cohort [47]. From a disease control perspective, there was no difference in positive surgical margin rate between the robotic and open cohorts (15% vs. 15.7%, p = 0.709). In a larger review comparing open and robotic-assisted approaches for 395 salvage radical prostatectomies, Gontero et al. reported no differences in overall and major complications (p = 0.67 and 0.16, respectively) [48]. However, anastomotic strictures (16.57% vs. 7.66%, p = 0.0014) and rectal injuries (2.96% vs. 0.48%, p = 0.0934) were more common for the open RP group while urine leakage was more common for the robotic RP group (18.66% vs. 8.88%, p = 0.0069). Again, the authors found that the robotic group had a lower average blood loss (222 vs. 715 mL, p < 0.0001). Ultimately, these studies highlight that, regardless of the operative approach, incontinence remains common and is the greatest disadvantage of undergoing salvage RP. When considering the approach for post-radiation salvage RP, robotic RP seems to incur a lower risk of rectal injury and lower blood loss compared to open, although overall complication rates are statistically similar.
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Table 2. Studies assessing functional outcomes for salvage radical prostatectomy after radiation therapy.
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	Authors (Year)
	N
	Incontinence at 1 Year, %
	Anastomotic Stricture
	Erectile Dysfunction at 1 Year, %
	Rectal Injury
	Venous Thromboembolism
	Infection
	Blood Transfusion
	Hospital Length of Stay, Days
	Level of Evidence





	Calleris et al. (2023) [38]
	221
	21%
	--
	--
	--
	--
	--
	--
	--
	Level 3



	Catarino et al. (2022) [36]
	29
	79%
	2
	85%
	2
	1
	1
	1
	--
	Level 2



	Gontero et al. (2019) [46]
	395
	43%
	39
	85%
	--
	--
	--
	--
	--
	Level 3



	Mohler et al. (2019) [34]
	41
	40%
	14
	45%
	3
	--
	5
	13
	--
	Level 2



	Kenney et al. (2016) [45]
	39
	90%
	10
	--
	2
	2
	15
	--
	--
	Level 3



	Yuh et al. (2014) [33]
	51
	--
	8
	--
	1
	2
	4
	--
	--
	Level 2



	Gorin et al. (2011) [32]
	24
	35%
	4
	28%
	0
	--
	--
	19
	--
	Level 3



	Eandi et al. (2010) [44]
	18
	67%
	3
	100%
	0
	--
	--
	--
	--
	Level 3



	Sanderson et al. (2006) [29]
	51
	40%
	21
	--
	1
	--
	--
	--
	--
	Level 2



	Bianco et al. (2005) [28]
	100
	68%
	--
	--
	1
	--
	--
	--
	--
	Level 2



	Ward et al. (2005) [26]
	138
	33%
	22
	--
	9
	--
	4
	86
	--
	Level 3



	Stephenson et al. (2004) [42]
	100
	61%
	30
	84%
	7
	1
	1
	--
	--
	Level 2



	Amling et al.

(1999) [25]
	108
	50%
	23
	--
	6
	6
	--
	46
	--
	Level 3



	Gheiler et al. (1998) [24]
	30
	50%
	--
	--
	--
	--
	--
	--
	7.7 (2–30)
	Level 3



	Lerner et al. (1995) [23]
	37
	93.6%
	16
	--
	5
	5
	4
	--
	8 (2–44)
	Level 3



	Rogers et al.

(1995) [21]
	40
	58%
	11
	--
	6
	--
	3
	2
	9.6 (6–16)
	Level 3











3.3. Additional Considerations


3.3.1. Effect of Primary Therapy on Salvage Prostatectomy Outcomes


As mentioned previously, primary treatment options for localized prostate include radical prostatectomy, radiation therapy, and focal therapy. As such, salvage RP may be offered in multiple scenarios, namely, post-radiation and post-focal therapy, and there is growing evidence that outcomes after salvage RP may differ based on which primary therapy a patient receives. Onol et al. retrospectively evaluated a group of 126 patients who underwent salvage RP following radiation or focal therapy. Postoperatively, those who received primary focal therapy were noted to have significantly higher continence rates compared to those who received primary RT (77.3% vs. 39.2%, p = 0.002), while no difference was noted in five-year BFS (59% vs. 56%; p = 0.761) [49]. Ribeiro et al. similarly compared outcomes following salvage RP after RT or focal therapy in a retrospective cohort of 185 patients and found that patients who had salvage RP after RT had a higher overall complication rate (34% vs. 5%, p < 0.001) and a lower complete continence rate (49% vs. 83% pad-free), whereas potency and 3-year BFS were statistically similar between groups [50]. Together, these studies suggest worsened functional outcomes with similar survival outcomes for patients undergoing salvage RP following primary radiotherapy compared to primary focal therapy, although long-term data are lacking.




3.3.2. The Role of Lymph Node Dissection and Seminal Vesicle Biopsy


While the presence of nodal involvement has been correlated with negative outcomes, the practice of pelvic lymph node dissection (PLND) at time of salvage RP is not universal. In a retrospective study of the Surveillance, Epidemiology, and End Results (SEER) database, PLND was performed in fewer than 30% of patients undergoing salvage RP [51]. Furthermore, those who did undergo PLND were noted to have increased CSS, with the lymph node count showing a direct correlation with increasing CSS up to seven nodes [51]. In a separate retrospective multicenter cohort, pathologic nodal involvement was found to be associated with an increased risk of BCR, the development of metastasis, and decreased OS among patients undergoing salvage RP for radio-recurrent prostate cancer [52]. Given these prognostic and potential therapeutic benefits, performing PLND at the time of salvage RP should be standard of practice when possible.



The presence of seminal vesicle invasion may also be a relevant prognosticator for patients undergoing salvage radical prostatectomy after radiation therapy. The rate of SVI is approximately 7% in high-risk prostate cancer, and SVI has been associated with an increased risk of BCR and worse survival [53,54]. In men who initially receive radiotherapy for localized prostate cancer, the seminal vesicles receive lower doses of EBRT to avoid rectal exposure and are often not targeted by brachytherapy [55]. A study by Meeks et al. of 206 men who underwent salvage RP after radiation found that SVI was detected in 32% of patients postoperatively; there was no difference in SVI across patients treated with EBRT vs. brachytherapy. However, 5-year BFS was significantly higher in patients without SVI (56% vs. 18%, p < 0.001), and 5-year OS was also higher in men without SVI (98% vs. 94%, p = 0.003) [56]. This suggests that there may be prognostic utility to assessing recurrent prostate cancer with seminal vesicle biopsy after radiation. The sensitivity, specificity, positive predictive value, and negative predictive value of seminal vesicle biopsy have been reported as 83%, 100%, 100%, and 84%, respectively [57]. Thus, a post-radiation seminal vesicle biopsy can be critical for diagnosing SVI early and promptly proceeding with salvage radical prostatectomy rather than continuing to surveil, especially if post-radiation serum PSA levels are >10 ng/mL [58].




3.3.3. Novel Biomarkers


One recent study explored the role of a novel biomarker commonly ordered during anesthesia workup, serum cholinesterase (ChE), as a prognostic factor for patients with radiation-recurrent prostate cancer undergoing salvage radical prostatectomy. ChE modulates cellular proliferation and differentiation, and ChE levels are decreased in patients with cancer [59,60]. While pre-RP serum PSA is the strongest predictor of BFS and OS, as guidelines such as the EAU criteria for salvage RP emerge for stratifying patients toward intervention, Vartolomei et al. sought to analyze preoperative ChE as an additional predictor for outcomes. The authors found that decreased pre-RP serum ChE levels < 5 kU/L were associated with metastasis to lymph nodes (p = 0.004) and were an independent predictor of OS (HR: 0.68, 95%CI: 0.48–0.96, p = 0.03), although they did not predict BFS [61]. This highlights the value of ChE as a biomarker of micrometastasis, but further research is needed to assess this relationship, especially since ChE is nonspecific to prostate cancer.




3.3.4. Comparison to Alternate Salvage Therapy


Compared to salvage focal therapy, salvage radical prostatectomy treats the entire gland, which may improve the prognostic value of post-salvage RP PSA screening. Salvage RP also affords the ability to treat cancer recurrence within the seminal vesicles, which may not be possible using other salvage modalities. Whereas brachytherapy seeds or EBRT fiducial markers may complicate salvage HIFU, salvage RP can also be performed in patients who have previously undergone either EBRT or brachytherapy. Additionally, salvage surgery offers the possibility of performing lymph node dissection, which may aid in restaging. Still, the procedure is extremely technically demanding, and intraoperative and postoperative complications should not be understated. Furthermore, compared to other salvage modalities such as HIFU or cryoablation, salvage RP may increase the risk of incontinence and impotence [62].





3.4. Future Directions and Ongoing Clinical Trials


The results of the abovementioned studies underscore the clinical utility of salvage radical prostatectomy in patients with radiation-resistant prostate cancer. Nevertheless, there is still a need to improve outcomes and optimize the therapeutic approach in patients with radio-recurrent disease. Despite the demonstrable safety and efficacy of post-radiation salvage RP, important questions remain unanswered. Perhaps most importantly, there are no prospective, randomized control trials evaluating the efficacy or toxicity of salvage RP after radiation compared to other modalities such as HIFU or cryoablation. Furthermore, it is unknown whether the type of primary radiotherapy (i.e., EBRT, brachytherapy, or a combination) impacts functional or oncologic outcomes following salvage RP.



While there is a plethora of ongoing clinical trials in the setting of biochemically recurrent prostate cancer, most are focused on improving the detection of recurrent disease or on novel treatment modalities, and there is a relative paucity of current trials specifically examining post-radiation salvage RP. Still, there are several current clinical trials that include patients undergoing post-radiation salvage RP, which will hopefully add to the understanding of salvage surgery after radiation. The Trace-II trial (NCT05555017) is a phase II trial that seeks to assess the feasibility of PSMA-bound radiotracers to guide salvage surgery in patients with BCR. The trial is not yet recruiting but will include patients with local recurrence who have previously undergone primary treatment with either RT or RP, and therefore may represent an alternative to salvage RP. Functional and oncologic outcomes from trials such as this will be key in determining the utility and role of PSMA-radioguided salvage surgery [63]. The VA STARPORT trial (NCT04787744) is a combined phase II/III that is actively recruiting and seeks to determine if adding PET-directed local therapy improves disease control compared to standard systemic therapy alone in patients with oligorecurrent prostate cancer after primary treatment. This trial will include patients with post-radiation local recurrence treated with salvage RP and, thus, will give additional insight into functional and oncologic outcomes in this population [64]. Lastly, NCT00791115 is a small clinical trial that seeks to enroll 16 patients with biopsy-proven recurrence after RT who will undergo salvage RP with the intent to validate virtual dosimetry plans for tumor-targeted salvage brachytherapy. The secondary outcomes include the evaluation of surgical margin status, toxicity, and biochemical control after salvage RP [65]. While these trials will ideally add to the understanding of post-radiation salvage RP, a dedicated clinical trial focusing primarily on this patient population remains to be seen.





4. Conclusions


Salvage radical prostatectomy remains an effective but underutilized therapeutic option for men with localized prostate cancer recurrence after radiotherapy. While it offers long-term oncologic and survival benefits, salvage RP after RT is a technically difficult procedure due to obliterated tissue planes and fibrotic reaction. Although functional outcomes have improved over time, post-radiation salvage RP still poses an elevated risk of erectile dysfunction and urinary incontinence. Given these risks, patient selection is paramount in determining when to offer salvage RP, a recommendation that has found its way into international society guidelines. Patients who are likely to benefit most from salvage RP include those with long life expectancy who have lower preoperative PSA, a lower Gleason score, and lower post-prostatectomy staging and who do not have nodal involvement. As the detection of radio-recurrent disease continues to improve with novel imaging techniques, decision making surrounding salvage therapy will continue to become more individualized, and oncologic outcomes will similarly become more promising.







Author Contributions


Conceptualization, S.G. and A.K.; methodology, A.K.; formal analysis, A.K., J.D., S.G. and M.S.S.; investigation, A.K., J.D., S.G. and M.S.S.; resources, A.K., J.D., S.G. and M.S.S.; data curation, A.K., J.D., S.G. and M.S.S.; writing—original draft preparation, A.K. and J.D.; writing—review and editing, A.K., J.D., S.G. and M.S.S.; visualization, A.K. and J.D.; supervision, S.G. and M.S.S.; project administration, A.K., S.G. and M.S.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer statistics, 2022. CA A Cancer J. Clin. 2022, 72, 7–33. [Google Scholar] [CrossRef]

	



Tidd-Johnson, A.; Sebastian, S.A.; Co, E.L.; Afaq, M.; Kochhar, H.; Sheikh, M.; Mago, A.; Poudel, S.; Fernandez, J.A.; Rodriguez, I.D.; et al. Prostate cancer screening: Continued controversies and novel biomarker advancements. Curr. Urol. 2022, 16, 197–206. [Google Scholar] [CrossRef] [PubMed]

	



Wei, J.T.; Barocas, D.; Carlsson, S.; Coakley, F.; Eggener, S.; Etzioni, R.; Fine, S.W.; Han, M.; Kim, S.K.; Kirkby, E.; et al. Early Detection of Prostate Cancer: AUA/SUO Guideline Part I: Prostate Cancer Screening. J. Urol. 2023, 210, 46–53. [Google Scholar] [CrossRef] [PubMed]

	



Eastham, J.A.; Auffenberg, G.B.; Barocas, D.A.; Chou, R.; Crispino, T.; Davis, J.W.; Eggener, S.; Horwitz, E.M.; Kane, C.J.; Kirkby, E.; et al. Clinically Localized Prostate Cancer: AUA/ASTRO Guideline, Part I: Introduction, Risk Assessment, Staging, and Risk-Based Management. J. Urol. 2022, 208, 10–18. [Google Scholar] [CrossRef] [PubMed]

	



Schaeffer, E.M.; Srinivas, S.; Adra, N.; An, Y.; Barocas, D.; Bitting, R.; Bryce, A.; Chapin, B.; Cheng, H.H.; D’Amico, A.V.; et al. NCCN Guidelines® Insights: Prostate Cancer, Version 1.2023. J. Natl. Compr. Canc. Netw. 2022, 20, 1288–1298. [Google Scholar] [CrossRef] [PubMed]

	



Hamdy, F.C.; Donovan, J.L.; Lane, J.A.; Metcalfe, C.; Davis, M.; Turner, E.L.; Martin, R.M.; Young, G.J.; Walsh, E.I.; Bryant, R.J.; et al. Fifteen-Year Outcomes after Monitoring, Surgery, or Radiotherapy for Prostate Cancer. New Engl. J. Med. 2023, 388, 1547–1558. [Google Scholar] [CrossRef]

	



Zhang-Yin, J.; Montravers, F.; Montagne, S.; Hennequin, C.; Renard-Penna, R. Diagnosis of early biochemical recurrence after radical prostatectomy or radiation therapy in patients with prostate cancer: State of the art. Diagn. Interv. Imaging 2022, 103, 191–199. [Google Scholar] [CrossRef]

	



Pisansky, T.M.; Thompson, I.M.; Valicenti, R.K.; D’Amico, A.V.; Selvarajah, S. Adjuvant and Salvage Radiotherapy after Prostatectomy: ASTRO/AUA Guideline Amendment 2018–2019. J. Urol. 2019, 202, 533–538. [Google Scholar] [CrossRef]

	



Roach, M., 3rd; Hanks, G.; Thames, H., Jr.; Schellhammer, P.; Shipley, W.U.; Sokol, G.H.; Sandler, H. Defining biochemical failure following radiotherapy with or without hormonal therapy in men with clinically localized prostate cancer: Recommendations of the RTOG-ASTRO Phoenix Consensus Conference. Int. J. Radiat. Oncol. Biol. Phys. 2006, 65, 965–974. [Google Scholar] [CrossRef]

	



Suardi, N.; Porter, C.R.; Reuther, A.M.; Walz, J.; Kodama, K.; Gibbons, R.P.; Correa, R.; Montorsi, F.; Graefen, M.; Huland, H.; et al. A nomogram predicting long-term biochemical recurrence after radical prostatectomy. Cancer 2008, 112, 1254–1263. [Google Scholar] [CrossRef] [PubMed]

	



Pienta, K.J.; Gorin, M.A.; Rowe, S.P.; Carroll, P.R.; Pouliot, F.; Probst, S.; Saperstein, L.; Preston, M.A.; Alva, A.S.; Patnaik, A.; et al. A Phase 2/3 Prospective Multicenter Study of the Diagnostic Accuracy of Prostate Specific Membrane Antigen PET/CT with (18)F-DCFPyL in Prostate Cancer Patients (OSPREY). J. Urol. 2021, 206, 52–61. [Google Scholar] [CrossRef]

	



Morris, M.J.; Rowe, S.P.; Gorin, M.A.; Saperstein, L.; Pouliot, F.; Josephson, D.; Wong, J.Y.C.; Pantel, A.R.; Cho, S.Y.; Gage, K.L.; et al. Diagnostic Performance of (18)F-DCFPyL-PET/CT in Men with Biochemically Recurrent Prostate Cancer: Results from the CONDOR Phase III, Multicenter Study. Clin. Cancer Res. 2021, 27, 3674–3682. [Google Scholar] [CrossRef]

	



Ceci, F.; Castellucci, P.; Graziani, T.; Farolfi, A.; Fonti, C.; Lodi, F.; Fanti, S. (68)Ga-PSMA-11 PET/CT in recurrent prostate cancer: Efficacy in different clinical stages of PSA failure after radical therapy. Eur. J. Nucl. Med. Mol. Imaging 2019, 46, 31–39. [Google Scholar] [CrossRef]

	



Westphalen, A.C.; Coakley, F.V.; Roach, M., 3rd; McCulloch, C.E.; Kurhanewicz, J. Locally recurrent prostate cancer after external beam radiation therapy: Diagnostic performance of 1.5-T endorectal MR imaging and MR spectroscopic imaging for detection. Radiology 2010, 256, 485–492. [Google Scholar] [CrossRef] [PubMed]

	



Sala, E.; Eberhardt, S.C.; Akin, O.; Moskowitz, C.S.; Onyebuchi, C.N.; Kuroiwa, K.; Ishill, N.; Zelefsky, M.J.; Eastham, J.A.; Hricak, H. Endorectal MR imaging before salvage prostatectomy: Tumor localization and staging. Radiology 2006, 238, 176–183. [Google Scholar] [CrossRef] [PubMed]

	



Dominguez, C.; Plata, M.; Cataño, J.G.; Palau, M.; Aguirre, D.; Narvaez, J.; Trujillo, S.; Gómez, F.; Trujillo, C.G.; Caicedo, J.I.; et al. Diagnostic accuracy of multiparametric magnetic resonance imaging in detecting extracapsular extension in intermediate and high—Risk prostate cancer. Int. Braz J. Urol. 2018, 44, 688–696. [Google Scholar] [CrossRef] [PubMed]

	



Cox, J.D.; Gallagher, M.J.; Hammond, E.H.; Kaplan, R.S.; Schellhammer, P.F. Consensus statements on radiation therapy of prostate cancer: Guidelines for prostate re-biopsy after radiation and for radiation therapy with rising prostate-specific antigen levels after radical prostatectomy. American Society for Therapeutic Radiology and Oncology Consensus Panel. J. Clin. Oncol. 1999, 17, 1155. [Google Scholar] [CrossRef]

	



Cornford, P.; van den Bergh, R.C.N.; Briers, E.; Van den Broeck, T.; Cumberbatch, M.G.; De Santis, M.; Fanti, S.; Fossati, N.; Gandaglia, G.; Gillessen, S.; et al. EAU-EANM-ESTRO-ESUR-SIOG Guidelines on Prostate Cancer. Part II—2020 Update: Treatment of Relapsing and Metastatic Prostate Cancer. Eur. Urol. 2021, 79, 263–282. [Google Scholar] [CrossRef]

	



Valle, L.F.; Lehrer, E.J.; Markovic, D.; Elashoff, D.; Levin-Epstein, R.; Karnes, R.J.; Reiter, R.E.; Rettig, M.; Calais, J.; Nickols, N.G.; et al. A Systematic Review and Meta-analysis of Local Salvage Therapies After Radiotherapy for Prostate Cancer (MASTER). Eur. Urol. 2021, 80, 280–292. [Google Scholar] [CrossRef]

	



Kishan, A.U.; Chu, F.I.; King, C.R.; Seiferheld, W.; Spratt, D.E.; Tran, P.; Wang, X.; Pugh, S.E.; Sandler, K.A.; Bolla, M.; et al. Local Failure and Survival After Definitive Radiotherapy for Aggressive Prostate Cancer: An Individual Patient-level Meta-analysis of Six Randomized Trials. Eur. Urol. 2020, 77, 201–208. [Google Scholar] [CrossRef]

	



Nguyen, P.L.; D’Amico, A.V.; Lee, A.K.; Suh, W.W. Patient selection, cancer control, and complications after salvage local therapy for postradiation prostate-specific antigen failure: A systematic review of the literature. Cancer 2007, 110, 1417–1428. [Google Scholar] [CrossRef] [PubMed]

	



Page, M.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.; Brennan, S.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Bmj 2021, 372, 1–9. [Google Scholar]

	



Rogers, E.; Ohori, M.; Kassabian, V.S.; Wheeler, T.M.; Scardino, P.T. Salvage radical prostatectomy: Outcome measured by serum prostate specific antigen levels. J. Urol. 1995, 153, 104–110. [Google Scholar] [CrossRef] [PubMed]

	



Tefilli, M.V.; Gheiler, E.L.; Tiguert, R.; Banerjee, M.; Forman, J.; Pontes, J.E.; Wood, D.P., Jr. Salvage surgery or salvage radiotherapy for locally recurrent prostate cancer. Urology 1998, 52, 224–229. [Google Scholar] [CrossRef] [PubMed]

	



Lerner, S.E.; Blute, M.L.; Zincke, H. Critical evaluation of salvage surgery for radio-recurrent/resistant prostate cancer. J. Urol. 1995, 154, 1103–1109. [Google Scholar] [CrossRef] [PubMed]

	



Gheiler, E.L.; Tefilli, M.V.; Tiguert, R.; Grignon, D.; Cher, M.L.; Sakr, W.; Pontes, J.E.; Wood, D.P., Jr. Predictors for maximal outcome in patients undergoing salvage surgery for radio-recurrent prostate cancer. Urology 1998, 51, 789–795. [Google Scholar] [CrossRef]

	



Amling, C.L.; Lerner, S.E.; Martin, S.K.; Slezak, J.M.; Blute, M.L.; Zincke, H. Deoxyribonucleic acid ploidy and serum prostate specific antigen predict outcome following salvage prostatectomy for radiation refractory prostate cancer. J. Urol. 1999, 161, 857–862, discussion 862-853. [Google Scholar] [CrossRef]

	



Ward, J.F.; Sebo, T.J.; Blute, M.L.; Zincke, H. Salvage surgery for radiorecurrent prostate cancer: Contemporary outcomes. J. Urol. 2005, 173, 1156–1160. [Google Scholar] [CrossRef]

	



Chade, D.C.; Shariat, S.F.; Cronin, A.M.; Savage, C.J.; Karnes, R.J.; Blute, M.L.; Briganti, A.; Montorsi, F.; van der Poel, H.G.; Van Poppel, H.; et al. Salvage radical prostatectomy for radiation-recurrent prostate cancer: A multi-institutional collaboration. Eur. Urol. 2011, 60, 205–210. [Google Scholar] [CrossRef]

	



Bianco, F.J., Jr.; Scardino, P.T.; Stephenson, A.J.; Diblasio, C.J.; Fearn, P.A.; Eastham, J.A. Long-term oncologic results of salvage radical prostatectomy for locally recurrent prostate cancer after radiotherapy. Int. J. Radiat. Oncol. Biol. Phys. 2005, 62, 448–453. [Google Scholar] [CrossRef]

	



Sanderson, K.M.; Penson, D.F.; Cai, J.; Groshen, S.; Stein, J.P.; Lieskovsky, G.; Skinner, D.G. Salvage radical prostatectomy: Quality of life outcomes and long-term oncological control of radiorecurrent prostate cancer. J. Urol. 2006, 176, 2025–2031, discussion 2031-2022. [Google Scholar] [CrossRef]

	



Pisters, L.L.; Leibovici, D.; Blute, M.; Zincke, H.; Sebo, T.J.; Slezak, J.M.; Izawa, J.; Ward, J.F.; Scott, S.M.; Madsen, L.; et al. Locally recurrent prostate cancer after initial radiation therapy: A comparison of salvage radical prostatectomy versus cryotherapy. J. Urol. 2009, 182, 517–525, discussion 525-517. [Google Scholar] [CrossRef]

	



Paparel, P.; Cronin, A.M.; Savage, C.; Scardino, P.T.; Eastham, J.A. Oncologic outcome and patterns of recurrence after salvage radical prostatectomy. Eur. Urol. 2009, 55, 404–410. [Google Scholar] [CrossRef]

	



Gorin, M.A.; Manoharan, M.; Shah, G.; Eldefrawy, A.; Soloway, M.S. Salvage open radical prostatectomy after failed radiation therapy: A single center experience. Cent. Eur. J. Urol. 2011, 64, 144–147. [Google Scholar] [CrossRef] [PubMed]

	



Yuh, B.; Ruel, N.; Muldrew, S.; Mejia, R.; Novara, G.; Kawachi, M.; Wilson, T. Complications and outcomes of salvage robot-assisted radical prostatectomy: A single-institution experience. BJU Int. 2014, 113, 769–776. [Google Scholar] [CrossRef] [PubMed]

	



Mohler, J.L.; Halabi, S.; Ryan, S.T.; Al-Daghmin, A.; Sokoloff, M.H.; Steinberg, G.D.; Sanford, B.L.; Eastham, J.A.; Walther, P.J.; Morris, M.J.; et al. Management of recurrent prostate cancer after radiotherapy: Long-term results from CALGB 9687 (Alliance), a prospective multi-institutional salvage prostatectomy series. Prostate Cancer Prostatic Dis. 2019, 22, 309–316. [Google Scholar] [CrossRef] [PubMed]

	



Grubmüller, B.; Jahrreiss, V.; Brönimann, S.; Quhal, F.; Mori, K.; Heidenreich, A.; Briganti, A.; Tilki, D.; Shariat, S.F. Salvage Radical Prostatectomy for Radio-Recurrent Prostate Cancer: An Updated Systematic Review of Oncologic, Histopathologic and Functional Outcomes and Predictors of Good Response. Curr. Oncol. 2021, 28, 2881–2892. [Google Scholar] [CrossRef]

	



Catarino, R.; Otta-Oshiro, R.J.; Lista-Mateos, F.; García-Mediero, J.M.; Nunez-Mora, C. Outcomes of laparoscopic salvage radical prostatectomy after primary treatment of prostate cancer. Cent. Eur. J. Urol. 2022, 75, 59–64. [Google Scholar] [CrossRef]

	



Mottet, N.; van den Bergh, R.C.N.; Briers, E.; Van den Broeck, T.; Cumberbatch, M.G.; De Santis, M.; Fanti, S.; Fossati, N.; Gandaglia, G.; Gillessen, S.; et al. EAU-EANM-ESTRO-ESUR-SIOG Guidelines on Prostate Cancer-2020 Update. Part 1: Screening, Diagnosis, and Local Treatment with Curative Intent. Eur. Urol. 2021, 79, 243–262. [Google Scholar] [CrossRef]

	



Calleris, G.; Marra, G.; Benfant, N.; Rajwa, P.; Ahmed, M.; Abreu, A.; Cacciamani, G.; Ghoreifi, A.; Ribeiro, L.; Westhofen, T.; et al. Salvage Radical Prostatectomy for Recurrent Prostate Cancer Following First-line Nonsurgical Treatment: Validation of the European Association of Urology Criteria in a Large, Multicenter, Contemporary Cohort. Eur. Urol. Focus 2023. [Google Scholar] [CrossRef]

	



Bates, A.S.; Samavedi, S.; Kumar, A.; Mouraviev, V.; Rocco, B.; Coelho, R.; Palmer, K.; Patel, V.R. Salvage robot assisted radical prostatectomy: A propensity matched study of perioperative, oncological and functional outcomes. Eur. J. Surg. Oncol. 2015, 41, 1540–1546. [Google Scholar] [CrossRef] [PubMed]

	



Chen, L.N.; Suy, S.; Wang, H.; Bhagat, A.; Woo, J.A.; Moures, R.A.; Kim, J.S.; Yung, T.M.; Lei, S.; Collins, B.T.; et al. Patient-reported urinary incontinence following stereotactic body radiation therapy (SBRT) for clinically localized prostate cancer. Radiat. Oncol. 2014, 9, 148. [Google Scholar] [CrossRef] [PubMed]

	



Mahmood, J.; Shamah, A.A.; Creed, T.M.; Pavlovic, R.; Matsui, H.; Kimura, M.; Molitoris, J.; Shukla, H.; Jackson, I.; Vujaskovic, Z. Radiation-induced erectile dysfunction: Recent advances and future directions. Adv. Radiat. Oncol. 2016, 1, 161–169. [Google Scholar] [CrossRef]

	



Stephenson, A.J.; Scardino, P.T.; Bianco, F.J., Jr.; DiBlasio, C.J.; Fearn, P.A.; Eastham, J.A. Morbidity and functional outcomes of salvage radical prostatectomy for locally recurrent prostate cancer after radiation therapy. J. Urol. 2004, 172, 2239–2243. [Google Scholar] [CrossRef]

	



Mason, J.B.; Hatch, L.; Dall, C.; Kowalczyk, K.J. Salvage Retzius-Sparing Radical Prostatectomy: A Review of Complications, Functional Outcomes, and Oncologic Outcomes. Curr. Oncol. 2022, 29, 9733–9743. [Google Scholar] [CrossRef]

	



Eandi, J.A.; Link, B.A.; Nelson, R.A.; Josephson, D.Y.; Lau, C.; Kawachi, M.H.; Wilson, T.G. Robotic assisted laparoscopic salvage prostatectomy for radiation resistant prostate cancer. J. Urol. 2010, 183, 133–137, discussion 862-853. [Google Scholar] [CrossRef]

	



Kenney, P.A.; Nawaf, C.B.; Mustafa, M.; Wen, S.; Wszolek, M.F.; Pettaway, C.A.; Ward, J.F.; Davis, J.W.; Pisters, L.L. Robotic-assisted laparoscopic versus open salvage radical prostatectomy following radiotherapy. Can J. Urol. 2016, 23, 8271–8277. [Google Scholar]

	



Gontero, P.; Marra, G.; Alessio, P.; Filippini, C.; Oderda, M.; Munoz, F.; Linares, E.; Sanchez-Salas, R.; Challacombe, B.; Dasgupta, P.; et al. Salvage Radical Prostatectomy for Recurrent Prostate Cancer: Morbidity and Functional Outcomes from a Large Multicenter Series of Open versus Robotic Approaches. J. Urol. 2019, 202, 725–731. [Google Scholar] [CrossRef]

	



Onol, F.F.; Bhat, S.; Moschovas, M.; Rogers, T.; Ganapathi, H.; Roof, S.; Rocco, B.; Patel, V. Comparison of outcomes of salvage robot-assisted laparoscopic prostatectomy for post-primary radiation vs focal therapy. BJU Int. 2020, 125, 103–111. [Google Scholar] [CrossRef] [PubMed]

	



Ribeiro, L.; Stonier, T.; Stroman, L.; Tourinho-Barbosa, R.; Alghazo, O.; Winkler, M.; Dasgupta, P.; Popert, R.; Cathelineau, X.; Sanchez-Salas, R.; et al. Is the Toxicity of Salvage Prostatectomy Related to the Primary Prostate Cancer Therapy Received? J. Urol. 2021, 205, 791–799. [Google Scholar] [CrossRef] [PubMed]

	



Wenzel, M.; Würnschimmel, C.; Nocera, L.; Collà Ruvolo, C.; Tian, Z.; Shariat, S.F.; Saad, F.; Briganti, A.; Graefen, M.; Kluth, L.A.; et al. The effect of lymph node dissection on cancer-specific survival in salvage radical prostatectomy patients. Prostate 2021, 81, 339–346. [Google Scholar] [CrossRef]

	



Quhal, F.; Rajwa, P.; Mori, K.; Laukhtina, E.; Grossmann, N.C.; Schuettfort, V.M.; König, F.; Aydh, A.; Motlagh, R.S.; Katayama, S.; et al. The role of lymph node dissection in salvage radical prostatectomy for patients with radiation recurrent prostate cancer. Prostate 2021, 81, 765–771. [Google Scholar] [CrossRef]

	



Swanson, G.P.; Goldman, B.; Tangen, C.M.; Chin, J.; Messing, E.; Canby-Hagino, E.; Forman, J.D.; Thompson, I.M.; Crawford, E.D. The prognostic impact of seminal vesicle involvement found at prostatectomy and the effects of adjuvant radiation: Data from Southwest Oncology Group 8794. J. Urol. 2008, 180, 2453–2457. [Google Scholar] [CrossRef]

	



Silberstein, J.L.; Vickers, A.J.; Power, N.E.; Fine, S.W.; Scardino, P.T.; Eastham, J.A.; Laudone, V.P. Reverse stage shift at a tertiary care center: Escalating risk in men undergoing radical prostatectomy. Cancer 2011, 117, 4855–4860. [Google Scholar] [CrossRef]

	



Stock, R.G.; Lo, Y.C.; Gaildon, M.; Stone, N.N. Does prostate brachytherapy treat the seminal vesicles? A dose-volume histogram analysis of seminal vesicles in patients undergoing combined PD-103 prostate implantation and external beam irradiation. Int J. Radiat. Oncol. Biol. Phys. 1999, 45, 385–389. [Google Scholar] [CrossRef] [PubMed]

	



Meeks, J.J.; Walker, M.; Bernstein, M.; Eastham, J.A. Seminal vesicle involvement at salvage radical prostatectomy. BJU Int. 2013, 111, E342–E347. [Google Scholar] [CrossRef]

	



Allepuz Losa, C.A.; Sanz Velez, J.I.; Gil Sanz, M.J.; Mas, L.P.; Rioja Sanz, L.A. Seminal vesicle biopsy in prostate cancer staging. J. Urol. 1995, 154, 1407–1411. [Google Scholar] [CrossRef]

	



Panach-Navarrete, J.; García-Morata, F.; Hernández-Medina, J.A.; Martínez-Jabaloyas, J.M. When to biopsy seminal vesicles. Actas Urológicas Españolas (Engl. Ed.) 2015, 39, 203–209. [Google Scholar] [CrossRef]

	



Santarpia, L.; Grandone, I.; Contaldo, F.; Pasanisi, F. Butyrylcholinesterase as a prognostic marker: A review of the literature. J. Cachexia Sarcopenia Muscle 2013, 4, 31–39. [Google Scholar] [CrossRef]

	



Gu, S.Z.; Zhao, X.H.; Quan, P.; Li, S.B.; Pan, B.R. Alterations of serum cholinesterase in patients with gastric cancer. World J. Gastroenterol 2005, 11, 4604–4606. [Google Scholar] [CrossRef] [PubMed]

	



Vartolomei, M.D.; D’Andrea, D.; Chade, D.C.; Soria, F.; Kimura, S.; Foerster, B.; Abufaraj, M.; Mathieu, R.; Moschini, M.; Rouprêt, M.; et al. Role of serum cholinesterase in patients treated with salvage radical prostatectomy. Urol. Oncol. 2019, 37, 123–129. [Google Scholar] [CrossRef] [PubMed]

	



Checcucci, E.; De Luca, S.; Piramide, F.; Garrou, D.; Mosca, A.; Galla, A.; Belli, G.; Russo, F.; Rescigno, P.; Poti, C.; et al. The real-time intraoperative guidance of the new HIFU Focal-One(®) platform allows to minimize the perioperative adverse events in salvage setting. J. Ultrasound 2022, 25, 225–232. [Google Scholar] [CrossRef] [PubMed]

	



Netherlands Cancer Institute. Tracer-Guided Surgery for Recurrent Prostate Cancer (Trace-II); ClinicalTrials.gov Identifier: NCT05555017; National Library of Medicine: Bethesda, MD, USA, 2022.

	



VA Office of Research and Development. Veterans Affairs Seamless Phase II/III Randomized Trial of STAndard Systematic theRapy With or Without PET-Directed Local Therapy for OligoRecurrenT Prostate Cancer (VA STARPORT); ClinicalTrials.gov Identifier: NCT04787744; National Library of Medicine: Bethesda, MD, USA, 2021.

	



University Health Network. Salvage Prostatectomy After Radiotherapy. ClinicalTrials.gov Identifier: NCT00791115; National Library of Medicine: Bethesda, MD, USA, 2023.








[image: Cancers 15 03734 g001 550] 





Figure 1. Flow diagram for study selection according to PRISMA 2020 guidelines. 
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