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Abstract

Context: Management of locally recurrent prostate cancer after definitive radiotherapy remains 

controversial due to the perceived high rates of severe genitourinary (GU) and gastrointestinal (GI) 

toxicity associated with any local salvage modality.

Objective: To quantitatively compare the efficacy and toxicity of salvage radical prostatectomy 

(RP), high-intensity focused ultrasound (HIFU), cryotherapy, stereotactic body radiotherapy 

(SBRT), low–dose-rate (LDR) brachytherapy, and high-dose-rate (HDR) brachytherapy.

Evidence acquisition: We performed a systematic review of PubMed, EMBASE, and 

MEDLINE. Two- and 5-yr recurrence-free survival (RFS) rates and crude incidences of severe 

GU and GI toxicity were extracted as endpoints of interest. Random-effect meta-analyses were 

conducted to characterize summary effect sizes and quantify heterogeneity. Estimates for each 

modality were then compared with RP after adjusting for individual study-level covariates using 

mixed-effect regression models, while allowing for differences in between-study variance across 

treatment modalities.

Evidence synthesis: A total of 150 studies were included for analysis. There was significant 

heterogeneity between studies within each modality, and covariates differed between modalities, 

necessitating adjustment. Adjusted 5-yr RFS ranged from 50% after cryotherapy to 60% after 

HDR brachytherapy and SBRT, with no significant differences between any modality and RP. 

Severe GU toxicity was significantly lower with all three forms of radiotherapeutic salvage 

than with RP (adjusted rates of 20% after RP vs 5.6%, 9.6%, and 9.1% after SBRT, HDR 

brachytherapy, and LDR brachytherapy, respectively; p ≤ 0.001 for all). Severe GI toxicity was 

significantly lower with HDR salvage than with RP (adjusted rates 1.8% vs 0.0%, p < 0.01), with 

no other differences identified.

Conclusions: Large differences in 5-yr outcomes were not uncovered when comparing all 

salvage treatment modalities against RP. Reirradiation with SBRT, HDR brachytherapy, or LDR 

brachytherapy appears to result in less severe GU toxicity than RP, and reirradiation with HDR 

brachytherapy yields less severe GI toxicity than RP. Prospective studies of local salvage for 

radiorecurrent disease are warranted.

Patient summary: In a large study-level meta-analysis, we looked at treatment outcomes and 

toxicity for men treated with a number of salvage treatments for radiorecurrent prostate cancer. 

We conclude that relapse-free survival at 5 years is equivalent among salvage modalities, but 

reirradiation may lead to lower toxicity.
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1. Introduction

Definitive radiotherapy and radical prostatectomy (RP) are standard of care options for 

clinically localized prostate cancer (PCa) [1]. Recent data indicate that approximately 

one-third of all PCa patients undergo radiotherapy, including nearly 40% of patients 

with intermediate- and high-risk disease [2,3]. A subset of patients treated with definitive 

radiotherapy may experience a biochemical recurrence (BCR) over time, defined by a rise 

in their prostate-specific antigen (PSA) level of 2 ng/mL above the postradiotherapy nadir 

[4]. In contrast to the management of BCR after RP, optimal management after radiotherapy 

remains unclear due to a lack of large prospective trials in this setting. An estimated 3–

10% of patients may experience a local failure (LF) only after radiotherapy, and thus local 

salvage may be curative [5–7]. However, if distant metastases are present, the benefit of 

local salvage is unknown. Improved diagnostic studies will likely lead to enhanced detection 

of postradiotherapy LFs. For instance, a recent study using prostate-specific membrane 

antigen (PSMA) positron emission tomography (PET)/computed tomography (CT) found 

that approximately 30% of patients with postradiotherapy PSA rise have only local PSMA 

PET uptake, while >50% had evidence of regional or distant metastases [8].

Even the management of a true isolated LF after definitive radiotherapy is controversial, 

and consensus recommendations are limited. The natural history of biochemically recurrent 

PCa is highly variable. Some patients with BCR never develop distant metastases by 

conventional imaging or die from PCa [9]. In certain patients, however, LFs may seed distant 

metastases—the so-called ”second wave” theory that has underscored the rationale for local 

therapy intensification in PCa [10,11]. A recent individual patient-level meta-analysis of six 

randomized trials found that a LF after definitive radiotherapy for high- grade PCa was 

significantly associated with overall survival, PCa-specific survival, and distant metastasis-

free survival [12]. Thus, some patients with isolated postradiotherapy LFs may benefit from 

local salvage treatment.

Local salvage options include RP, brachytherapy, cryotherapy, high-intensity focused 

ultrasound (HIFU) [13], and stereotactic body radiotherapy (SBRT) [14,15]. A major 

challenge in treating patients with radiorecurrent PCa are the risks of significant 

genitourinary (GU) and gastrointestinal (GI) toxicity associated with local salvage, which 

are greater than those associated with primary radiotherapy. Additionally, many centers lack 

the experience in treating this patient population with these myriad therapeutic options. 

These concerns have led to the limited use of local salvage treatments [16]. Furthermore, 

in comparison with the multiple phase 3 trials investigating postoperative and salvage 

radiotherapy trials after RP, no such trials exist after radiotherapy.
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Although prior reviews have summarized various salvage options [17–19], they have not 

systematically analyzed all local salvage options simultaneously. The aim of this systematic 

review and meta-analysis was to evaluate the efficacy and toxicity following all surgical and 

nonsurgical local salvage therapies for radiorecurrent PCa.

2. Evidence acquisition

2.1. Search strategy

The population, intervention, control, outcome, study design (PICOS) approach [20] was 

used to provide a framework for the initial literature search (Supplementary Table 1). 

The subsequent methodology for the systematic review followed the Preferred Reporting 

Items for Systematic Reviews and Meta-analyses (PRISMA) statement [21]. MEDLINE 

(via PubMed), EMBASE, the Cochrane Central Register of Controlled Trials, and 

guideline statements from professional organizations were queried to identify manuscripts 

available through November 19, 2019. The initial search strategy included the following 

different terms: “salvage radical prostatectomy”, “salvage prostatectomy”, “salvage” 

AND “brachytherapy” AND “prostate”, “salvage” AND “cryoablation” AND “prostate”, 

“salvage” AND “cryotherapy” AND “prostate”, “salvage” AND “high intensity focused 

ultrasound” AND “prostate”, “salvage” AND “SBRT” AND “prostate”, “salvage” AND 

“SABR” AND “prostate”, “salvage” AND “stereotactic” AND “prostate”, “salvage” AND 

“re-irradiation” AND “prostate”, “radiorecurrent” AND “prostate”.

2.2. Review of studies identified by the literature search

The PRISMA diagram outlining our search strategy is depicted in Supplementary Figure 1. 

Initial review yielded 2553 results. Further screening of manuscript abstracts revealed 257 

unique primary articles for review. These were initially reviewed by a single investigator 

(A.U.K.) and articles were excluded if they (1) did not present primary data, (2) did not 

specifically report relapse-free survival (RFS) or GU or GI toxicity following local salvage 

after definitive radiotherapy, (3) included fewer than five patients, (4) were not written in 

English, or (5) did not have full text available. After the initial screening, two investigators 

(A.U.K. and L.F.V.) reviewed the 138 identified studies to ensure suitability. The references 

of these studies were reviewed carefully, allowing identification of 12 additional studies that 

were not identified in the original literature search.

2.3. Data extraction

2.3.1. Extracted variables—Data from the 150 included studies were extracted by 

two authors (L.F.V. and A.U.K.). Extracted data, where applicable, included study type 

(prospective or retrospective), institution of senior author, time period of study, number 

of patients, original disease characteristics, original treatment modality, median prior 

radiotherapy dose, interval to relapse or salvage, patient age at relapse or salvage, presalvage 

PSA, imaging workup at salvage, percent of biopsy-proven recurrences, percent of patients 

undergoing whole-gland salvage (focal salvage studies were included in this analysis), 

salvage radiotherapy dose, salvage radiotherapy fractions, salvage radiotherapy treatment 

volume, percent of patients undergoing androgen deprivation therapy (ADT) either before 

or after salvage, median follow-up, 2-yr RFS, 5-yr RFS, severe GU toxicity, and severe GI 
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toxicity. RFS data were extracted from Kaplan-Meier curves using GetData Graph Digitizer 

version 2.26 [22].

2.3.2. Endpoints—The efficacy of local salvage was evaluated by extracting rates of 2- 

and 5-yr RFS. RFS was defined variably in each study, although it was most commonly 

defined as relapse free from biochemical failure, according to the Phoenix criteria [4]. The 

definition of failure by the American Society for Therapeutic Radiology and Oncology 

(ASTRO) was used in some studies, and the development of metastatic disease, initiation of 

ADT, or LF as determined radiographically or by physical examination, also defined relapse 

in other studies. If disease-free survival, failure-free survival, or biochemical control data 

were presented, these outcomes were considered to be equivalent to RFS. If study authors 

chose to stratify outcomes by study-specific subgroups and did not report overall population 

outcomes, RFS outcomes could not be extracted. Furthermore, if crude failure rates were 

reported without accompanying Kaplan-Meier curves and median follow-up did not exceed 

24 mo, 2- and 5-yr RFS rates were not included.

Regarding toxicity, GU as well as GI toxicity was assessed independently. Severe 

toxicity was a composite outcome defined by crude rates of grade ≥3 toxicity by the 

Common Terminology Criteria for Adverse Events, European Organization for Research and 

Treatment of Cancer, Radiation Therapy Oncology Group, or Clavien toxicity criteria; as 

any toxicity requiring hospitalization or procedural intervention; or as any explicitly reported 

“severe” toxicity. If patient-reported outcomes were used, toxicity was considered severe 

if the survey instruments reported out as such (in the case of the International Prostate 

Symptom Score, severe was defined as scores between 20 and 35). If raw numbers were 

reported for each severe event, these numbers were summed and divided by the number of 

patients in the study. If percentages were reported instead, the highest percentage within 

each organ system domain (GU or GI) was used when evaluating the composite endpoint 

“any severe toxicity”. If early as well as late severe toxicity was reported and could not be 

summed numerically, the largest percentage of early or late toxicity was chosen. Finally, in 

the event that multiple severe toxicity events occurred in the same patient, these were scored 

as multiple events (ie, toxicity was scored on a per-event and not on a per-patient basis), 

since individual patient data were often not reported.

2.3.3. Statistical analysis—Meta-analyses were performed separately by treatment 

modality using the DerSimonian-Laird random-effect model. Prior to the analysis, the 

observed proportions for each study were transformed using the logit transformation 

(survival outcomes) or the Freeman-Tukey double arcsine transformation (toxicity 

outcomes) in order to stabilize the variances. Between-study heterogeneity was evaluated 

using the τ2 statistic, which in turn was used to calculate 95% prediction intervals. Since 

the analyses indicated the presence of significant heterogeneity across studies, additional 

random-effect meta-regression analyses were performed to explore the sources of this 

heterogeneity. The following individual-level study characteristics were used as potential 

covariates for the regression models: median age, median PSA, median time to salvage, 

percentage of patients with ADT, percentage of patients with whole-gland salvage, and 

study type (prospective vs retrospective). The regression models were performed using 
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the logit (log odds) transformation for survival outcomes and the Freeman-Tukey double 

arcsine transformation for toxicity outcomes. Missing values were singly imputed using 

Markov Chain Monte Carlo imputation. Since regression coefficients using the Freeman-

Tukey transformed values lack an intuitive interpretation, meta-regression results were back-

transformed into the original (percent) scale in order to ease interpretation. The proportion 

of the total between study variability that was explained by the covariates in the regression 

models was quantified using the R2 measure. The observed proportions with each outcome 

and its 95% confidence intervals (CIs) were shown using forest plots separately according 

to treatment modality. The corresponding overall (adjusted) proportions and their 95% 

CIs were computed using the above random-effect regression models, allowing for any 

heterogeneity across study results. We then compared the average estimates with each 

outcome across treatment modalities after adjusting for only the significant individual study-

level covariates using mixed-effect regression models, while allowing for differences in 

between-study variance across treatment modalities. Pairwise comparisons between each 

treatment modality relative to RP as the reference category were adjusted for multiple 

testing using the Bonferroni correction, and the null hypothesis was rejected at the p < 0.01 

level for each comparison, thus controlling type 1 error at <5% within a given outcome. 

Publication bias was assessed via the Egger test and determined to be present if p < 0.05. 

In cases where a significant publication bias was observed, Egger testing was repeated after 

applying regression models to account for covariates. All analyses were conducted using the 

meta-analysis package “Metafor” in R version 4.0.2.

Stata 15.0 was used in creating mixed-effect regression models [23,24]. Mixed-effect 

regression models were used to determine weighted linear relationships between covariates 

(including the use of ADT, age, time to salvage, PSA prior to salvage, and biologically 

equivalent dose) and the observed percentages of patients experiencing a particular outcome 

(eg, recurrence-free survival), with 95% CIs. The weight of each individual study was the 

ratio of the number of patients analyzed in that study divided by the total number of patients 

over all studies used for the meta-estimate of that effect.

3. Evidence synthesis

3.1. Studies evaluated

A total of 150 studies reporting on 11 322 patients were selected for a quantitative analysis 

(Supplementary Table 2). Fifty-two studies evaluated RP (one prospective), 32 evaluated 

cryotherapy (13 prospective), 20 evaluated HIFU (seven prospective), eight evaluated SBRT 

(one prospective), 16 evaluated high-dose-rate (HDR) brachytherapy (four prospective), and 

32 evaluated low-dose-rate (LDR) brachytherapy (two prospective). Overall, 28 independent 

prospective cohort studies were identified. An overview of patient and treatment details 

from our study population is presented in Table 1. The numbers represent weighted 

averages according to the number of patients in each study reporting these variables. 

Given heterogeneity of study reporting, mean and median were used interchangeably for 

all categories.
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3.2. RFS after local salvage

The random-effect model–fitted 2-yr RFS estimates for each modality with adjustment for 

covariates at the means are shown in Table 2 and using forest plots showing individual study 

values as well in Figure 1A–F. Random-effect estimates for 2-yr RFS ranged from 54% 

(95% CI: 48–60%) with HIFU to 81% (95% CI: 74–86%) with LDR brachytherapy. The 

95% prediction intervals are also shown and indicate significant amount of heterogeneity 

after adjustment for baseline covariates. The corresponding 5-yr RFS is also presented 

in Table 2, as well as individual study values in Figure 2A–E for all modalities except 

SBRT (as only a single study utilizing SBRT reported 5-yr RFS). Five-year RFS ranged 

from 50% (95% CI: 44–56%) with cryotherapy to 60% (95% CI: 52–67%) with HDR 

brachytherapy and SBRT. The 95% prediction intervals indicate significant heterogeneity 

after adjustment for baseline covariates. Significant publication bias was appreciated in 

HIFU, LDR brachytherapy, and SBRT studies reporting 2-yr RFS outcomes, and in 

HIFU studies reporting 5-yr RFS outcomes (Supplementary Table 3). After accounting for 

covariates, only LDR studies reporting 2-yr RFS demonstrated a significant p value for 

publication bias (Supplementary Table 4), with smaller studies tending to report greater 2-yr 

RFS.

3.3. Severe GU toxicity after local salvage

The random-effect model–fitted severe GU toxicity estimates with adjustment for covariates 

at the means are tabulated in Table 2 and also shown with individual study values as 

forest plots in Figure 3A–F. Salvage SBRT was associated with the lowest rates of severe 

GU toxicity at 4.2% (95% CI: 0.8–9.1%), whereas HIFU generated the highest rates of 

severe GU toxicity at 23% (95% CI: 17–29%). The 95% prediction intervals indicate that 

there was significant heterogeneity for some of the modalities after accounting for baseline 

covariates. No significant publication bias was appreciated across all salvage modalities 

(Supplementary Table 3).

3.4. Severe GI toxicity after local salvage

The random-effect model–fitted severe GI toxicity estimates with adjustment for covariates 

at the means are presented in Table 2, as well as graphically with individual study values 

in Figure 4A–F. Overall, the rates of GI toxicity were quite low, ranging from 0.0% (95% 

CI: 0.0–0.2 %) with HDR brachytherapy and SBRT to 1.9% (95% CI: 0.6–3.7%) with 

RP. The 95% prediction intervals indicate no significant heterogeneity between studies. No 

significant publication bias was appreciated across all salvage modalities (Supplementary 

Table 3).

3.5. Meta-regression comparing salvage modalities

Upon evaluation of the effect of the various covariates on the endpoints of interest, most 

covariates were found to not have significant associations; subsequent meta-regression 

models were performed following adjustment only for the covariates found to be 

significantly associated with outcome, with RP as the reference (Table 3). Two-year RFS 

was significantly lower for HIFU than for RP after adjusting for median time to salvage. No 

other significant differences were found in terms of 2- or 5-yr RFS (adjusting for median 
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PSA and percent whole-gland salvage for the latter) between modalities. With the caveat 

of variable follow-up, severe GU toxicity (adjusting for percent whole-gland salvage) was 

significantly lower with all radiotherapeutic salvage modalities than with RP, while severe 

GU toxicity following the other salvage modalities was no different compared to after RP. 

Severe GI toxicity (adjusting for median time to salvage) was significantly lower with HDR 

brachytherapy than with RP, but no other differences in severe GI toxicity were identified.

Adjustment for the aforementioned significant confounding variables accounted for 0.0–

91% of the heterogeneity depending on the outcome and salvage modality, as indicated in 

Table 3.

3.6. Discussion and limitations

We report herein the first meta-analysis to comprehensively include both surgical and 

nonsurgical local salvage techniques for radiorecurrent PCa. Overall, we did not find 

evidence of large differences in 5-yr RFS outcomes for surgical, nonradiotherapeutic 

ablative, and radiotherapeutic salvage of radiorecurrent PCa, which ranged from 50% to 

60%. For all salvage modalities, more series were available when evaluating 2-yr RFS, and 

based on these comparisons, HIFU resulted in significantly lower 2-yr RFS than RP. Severe 

GU toxicity exceeded 21% with HIFU and RP, whereas it ranged from 4.2% to 8.1% with 

reirradiation. Severe GI toxicity rates were <2% across all modalities. Reirradiation with 

HDR brachytherapy, LDR brachytherapy, or SBRT resulted in significantly lower rates of 

severe GU toxicity than RP, and HDR brachytherapy yielded significantly lower rates of 

severe GI toxicity than RP.

Identification of local salvage modalities for radio-recurrent disease with favorable efficacy 

and safety profiles is important in the context of managing isolated LFs, which portend 

a poor prognosis and are expected to be diagnosed more frequently with the advent 

of advanced imaging scans [8,12,25]. The controversy surrounding local salvage for 

radiorecurrent disease arises from several clinical considerations. First, as is the case 

with BCR after upfront RP, the natural history of radiorecurrent PCa is variable [9,26]. 

In contrast to the post-RP setting, in which emerging data support the use of genomic 

and transcriptomic prognostic biomarkers to guide therapy [5], no such biomarkers exist 

for radiorecurrent disease. Certain clinical features, such as pretreatment PSA, may be 

prognostic and patient selection remains a critical issue. The lack of granular data in many 

series on clinicopathologic features at the time of relapse, as well as at initial presentation, 

precluded a more detailed analysis of prognostic features in the present analysis.

Second, the uncertainty regarding whether a patient truly has an isolated LF, when 

juxtaposed with the perceived higher toxicity with local salvage versus systemic salvage 

or observation, tempers enthusiasm for local salvage [27]. It is probable that clinical features 

that are associated with worse RFS, such as pretreatment PSA, are simply surrogates 

for extraprostatic disease. Advanced imaging techniques with a high positive predictive 

value, such as PSMA PET/CT [8,25], will aid in treatment selection by identifying non-

local failures. However, it is acknowledged that much of the evidence base supporting 

these imaging studies is in the postprostatectomy setting, with growing evidence in the 

upfront setting. Therefore, the need for post-treatment biopsy, while challenging to interpret 
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postradiotherapy management [28], remains important given the potential for radiographic 

false positives and the presence of indolent disease.

Third, the integration of ADT with local salvage remains unknown. Emerging data in the 

postprostatectomy setting suggest a benefit of combining ADT with salvage radiotherapy 

[29,30], although patient selection remains the key [31]. It is also known from multiple 

randomized trials in the definitive radiotherapy setting that concurrent ADT has important 

radiosensitizing effects [27]. The role of concurrent ADT with upfront RP is less clearly 

associated with clinical benefits [32]. The true benefit of ADT will require randomized data 

to be fully understood. Given the radiosensitizing effect of ADT, it may be reasonable to 

consider using at least a short course of ADT with reirradiation to increase local control.

Fourth, systemic salvage with ADT may constitute an attractive option, particularly if the 

perceived toxicity of local salvage is high and/or the patient is thought to have occult 

micrometastatic disease. For instance, one registry report found that nearly 94% of patients 

with radio-recurrent disease receive salvage ADT and only 4.1% received local salvage [16]. 

Salvage ADT, although not a curative intervention, can be effective, but is associated with 

adverse effects and may not improve long-term clinical outcomes if given immediately upon 

relapse [33,34]. Moreover, randomized data from the postprostatectomy setting suggest that 

salvage ADT alone is inferior to salvage local therapy [35]. Given the reasonable safety 

and efficacy profile of local salvage reported herein, particularly with reirradiation, the 

decision to omit this for systemic ADT alone should be considered carefully. However, these 

strategies have not been compared directly.

One of the strengths of our meta-analysis is the comprehensive inclusion of both surgical 

and nonsurgical local salvage techniques as well as clear distinctions between the types of 

salvage brachytherapy (HDR or LDR brachytherapy) and external beam radiation (SBRT). 

Ingrosso and colleagues [17] recently conducted a systematic review and meta-analysis 

restricted to nonsurgical local salvage methods, and concluded that brachytherapy offered 

the most optimal balance between toxicity and efficacy, which is in general agreement with 

our conclusions. Notably, they did not differentiate between HDR and LDR brachytherapy, 

and included all forms of external reirradiation rather than just SBRT; they additionally did 

not include RP. Philippou et al [19] performed a meta-regression that included salvage 

RP, HIFU, cryotherapy, and brachytherapy, but similarly did not differentiate between 

HDR and LDR brachytherapy and included only 63 studies (vs the 150 included in the 

present analysis). The authors concluded that oncologic efficacy is similar, with a possibility 

for better GU toxicity profiles with nonsurgical salvage. Neither analysis considered the 

proportion of patients receiving focal therapy, although it might influence both RFS 

and toxicity outcomes. Other systematic analyses have focused on salvage modalities 

in isolation. For instance, Chade and colleagues [36] have previously performed a meta-

analysis of RP alone, identifying similar oncologic efficacy to the pooled rate identified in 

our study.

There are several limitations to this analysis study that warrant consideration. Many of the 

studies included in the analysis are retrospective and of poor quality, which introduces a 

bias that may overestimate the effect sizes, but also motivates prospective work in this 
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space. Since measurable differences in RFS are unlikely to translate to overall survival 

in the salvage setting, one might advocate selecting the local salvage treatment with the 

lowest toxicity until randomized data are available. Additionally, there was significant 

between-study variance within the same salvage modality. However, there is a dearth of 

prospective studies for radiorecurrent disease, and this is an unfortunate inherent limitation 

of meta-analyses of retrospective studies. We, however, attempted to explain and mitigate 

this heterogeneity by adjusting for the most likely confounding covariates including PSA, 

ADT use, and patient age. These covariates influenced our statistical conclusions. We 

conjecture that the heterogeneity of surgical and radiation planning techniques in the salvage 

setting, baseline patient characteristics, and selection biases inherent in retrospective studies 

each contributed to study outcome heterogeneity that could not be accounted for. Regarding 

toxicity, our definitions of severe toxicity, while arbitrary, were designed to maximize 

the inclusion of information reported by studies. Erectile dysfunction, however, was not 

considered as a toxicity category due to generally poor reporting overall as well as poor 

reporting of baseline potency in patients undergoing salvage treatments. All other toxicity 

evaluations were similarly limited by the frequent absence of baseline evaluations. While 

great care was taken to reduce redundant reporting of patient outcomes, there may be 

some overlap in particular for cryotherapy salvage, as many publications draw data from 

the same Cryo On-Line Data (COLD) registry [37]. As mentioned above, information 

on specific clinicopathologic features at diagnosis and at recurrence (eg, PSA doubling 

time and Gleason grade group) was not reported uniformly, precluding incorporation into 

the meta-regression analyses. The same was true for ADT duration, which was sparingly 

reported. The proportionately greater use of ADT in studies of reirradiation versus RP 

or HIFU might, in part, explain the lower 2-yr RFS rates with these modalities. Finally, 

consistent with prior meta-analyses on this topic, our central analysis included patients who 

received focal salvage. Finally, a publication bias was noted in multiple modalities and 

outcomes.

4. Conclusions

In conclusion, this meta-analysis provides pooled estimates of surgical and nonsurgical local 

salvage treatments for radiorecurrent PCa. Five-year RFS was similar across modalities 

on meta-regression, although differences in severe GU and GI toxicity appear to favor 

reirradiation, particularly HDR brachytherapy. Additional prospective and randomized data 

are required to better define how to optimally select and treat patients with isolated LFs after 

definitive radiotherapy.
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Fig. 1 –. 
(A–F) Forest plots showing individual study values of 2-yr RFS estimates for various 

treatment modalities. CI = confidence interval; Cryo = cryotherapy; HDRBT = high-dose-

rate brachytherapy; HIFU = high-intensity focused ultrasound; LDRBT = low-dose-rate 

brachytherapy; RFS = recurrence-free survival; RP = radical prostatectomy; SBRT = 

stereotactic body radiotherapy.
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Fig. 2 –. 
(A–E) Forest plots showing individual study values of 5-yr RFS estimates for various 

treatment modalities. CI = confidence interval; Cryo = cryotherapy; HDRBT = high-dose-

rate brachytherapy; HIFU = high-intensity focused ultrasound; LDRBT = low-dose-rate 

brachytherapy; RFS = recurrence-free survival; RP = radical prostatectomy.
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Fig. 3 –. 
(A–F) Forest plots showing individual study values of severe GU toxicity estimates 

for various treatment modalities. CI = confidence interval; Cryo = cryotherapy; GU = 

genitourinary; HDRBT = high-dose-rate brachytherapy; HIFU = high-intensity focused 

ultrasound; LDRBT = low-dose-rate brachytherapy; RP = radical prostatectomy; SBRT = 

stereotactic body radiotherapy.
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Fig. 4 –. 
(A–F) Forest plots showing individual study values of severe GI toxicity estimates 

for various treatment modalities. CI = confidence interval; Cryo = cryotherapy; GI = 

gastrointestinal; HDRBT = high-dose-rate brachytherapy; HIFU = high-intensity focused 

ultrasound; LDRBT = low-dose-rate brachytherapy; RP = radical prostatectomy; SBRT = 

stereotactic body radiotherapy.
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