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A B S T R A C T   

Aims: The best therapeutic approach for local relapses of previously irradiated prostate cancer (PC) is still not 
defined. Re-irradiation (Re-I) could offer a chance of cure for highly selected patients, although high quality 
evidences are lacking. The aim of our study is to provide a literature review on efficacy and safety of Re-I. 
Methods: Only studies where Re-I field overlaps with previous radiotherapy were considered. To determine 2 and 
4 years overall mortality (OM), 2 and 4 years biochemical failure (BF) and pooled acute and late G ≥ 3 toxicities 
rate, a meta-analysis over single arm study was performed. 
Results: Thirty-eight studies with 1194 patients were included. Median follow-up from Re-I was 30 months 
(10–94 months). Brachytherapy (BRT) was the most used Re-I technique (27 studies), followed by Stereotactic 
Body Radiotherapy (SBRT) (9) and External Beam Radiation Therapy (EBRT) (2). Re-I prescription doses ranged 
from 19 Gy in single HDR fraction to 145 Gy (interstitial BRT). The pooled 2 and 4 years OM rates were 2.1% 
(95%CI:1.1–3.7%, P < 0.001) and 12.5% (95%CI:8.1–19.5%; P < 0.001). The pooled 2 years BF rate was 24% 
(95% CI: 19.1–30.2%, P < 0.001). The pooled 4 years BF was 35.6% (95% CI: 28.7–44.3%, P < 0.001). The 
pooled result of G ≥ 3 acute toxicity was 1.4% (95%CI: 0.7–3%, P < 0.001). One hundred and three G ≥ 3 late 
adverse events were reported, with a pooled result of G ≥ 3 late toxicity of 8.7% (95%CI: 5.8–13%, P < 0.001). 
Conclusions: Re-I of local failures from PC showed promising OM and biochemical control rates with a safe 
toxicity profile.   

Introduction 

Prostate cancer (PC) still keeps the higher incidence in men among 
cancers type and remains the second cause of death, even if a general 

reduction in rate and mortality was experienced in the last decades, 
mostly due to development in earlier diagnosis and treatment [1]. 

Nowadays, among treatment modalities, radiation therapy (RT) 
plays an important role in many different settings of PC, as curative, 
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adjuvant or either palliative [2]. The introduction of even more 
advanced technological modalities and techniques, as Intensity- 
Modulated radiotherapy (IMRT), Stereotactic Body Radiotherapy 
(SBRT) and Image-Guided Radiotherapy (IGRT), has allowed a dose 
escalation on tumours with limited toxicities on adjacent organ at risks 
(OARs) [2,3]. 

Despite these more accurate loco-regional treatments, failure rate 
remains still high, with one third of patients experimenting biochemical 
failure and clinical relapse occurring in 30–47% of previously irradiated 
patients and in 38–54% post-prostatectomy [2]. In this clinical scenario 
of local failure after a prior RT, the optimal management is not still 
standardized. Many options could be used, as salvage radical prosta
tectomy in selected cases [4], but with possible high local complication 
rate. Other local therapies, as cryosurgery or high-intensity focused ul
trasound, could be considered, even if not reaching a diffuse consensus, 
because of the possible adverse effects, including fistula or rectal dam
age, of these not so rarely therapies [5]. To date, Androgen Deprivation 
Therapy (ADT) is the preferred treatment choice [6], although with side 
effects and probable development of ADT resistant cancer, despite low 
effects on local disease [7,8]. 

Beyond these treatment modalities, re-irradiation (Re-I) after a local 
failure could be a possibility. 

The critical issue in Re-I is the tolerability of previously irradiated 
OARs that could preclude a dose with curative intent [9]. However, with 
the implementation of modern RT modalities, the challenge of Re-I has 
been considered more feasible in clinical practice, for prostate as other 
tumours [10]. In particular, IGRT combining with High Dose Rate-BRT 
(HDR-BRT) and SBRT, allow a higher sparing of OARs, with their shaper 
gradient of dose, still maintaining ablative dose, with promising results 
[7,11]. 

The choice of the more appropriate RT technique is currently not 
supported by solid literature evidences. Then, the aim of this study is to 
provide a literature review and a systematic review on Re-I for PC local 
relapses in order to evaluate efficacy and safety of this treatment 
strategy. 

Methods 

Selection of studies 

A search of the literature was performed on MEDLINE, EMBASE, 
OVID, and Cochrane database from the time to inception to 2019. The 
search strategy included terms related to Re-I and prostate malignancies. 
“Radiotherapy”, “radiation therapy”, “re-irradiation”, “reirradiation”, 
“prostatic cancer” and “prostate cancer” were used as terms of search. 
The computer search was supplemented with hand searches of reference 
lists for all available review articles, primary studies, meetings abstracts 
and bibliographies of books to identify other studies not found in the 
computer search. The present systematic review was performed by 
following recommendations of the Preferred Reporting Items for Sys
tematic Reviews and Meta-Analyses (PRISMA) [12]. 

Criteria for inclusion and exclusion 

Studies included were prospective or retrospective, analysing more 
than 10 patients. Only studies analyzing outcomes of patients re-treated 
where Re-I involved overlap with previous radiotherapy were taken into 
consideration. Abstracts, letters, proceedings from scientific meetings, 
editorials, expert opinions, reviews without original data, case reports, 
studies lacking control groups, repetitive data, non-English language 
papers and animal studies were excluded. The final inclusion of articles 
was determined by consensus between 2 authors (FF and LB), discrep
ancies among reviewers were infrequent (overall inter-observer varia
tions <10%) and were solved by discussion. 

Review of the trials 

Studies were first reviewed using a list of predefined, pertinent issues 
concerning the characteristics of patients and treatments. Methodolog
ical quality of studies was assessed with a checklist for quality appraisal 
of case series studies produced by Institute of Health Economics (IHE) 
and modified to improve applicability [13]. The following items were 
evaluated for each study: a clearly stated aim, prospective data collec
tion, multicenter study, consecutive patients, described characteristics 
of patients, clearly stated eligibility conclusions of the study supported 
by the results. 

Overall mortality (OM) and biochemical failure (BF) were analyzed 
and to improve the comparability of the different Re-I studies and to 
assess the relationship between Re-I and 2 and 4 year OM and 2 and 4 
year BF, patients’ classification in low, intermediate and high risk was 
extrapolated according to D’Amico et al. criteria [14]. 

Aiming to evaluate toxicity, we have hypothesized that OARs close to 
recurrences received a cumulative dose calculated for acute and late 
responding tissue. To determine the pooled G ≥ 3 toxicities rate, 2 and 4 
years OM, 2 and 4 years BF, a meta-analysis over single arm study was 
performed. We calculated the estimated population proportion of 
toxicity acute and late grade ≥3, 2 and 4 years OM and 2 and 4 years BF 
with 95% CI for every separate study [15]. Pooled effect size aided the 
general evaluation of Re-I risk and effect. Heterogeneity across studies 
was examined by the Cochrane Q chi-square test and the I2 statistic. 
Studies with an I2 statistic of 25–50%, 50–75%, and >75% were 
deemed to have low, moderate, and high heterogeneity, respectively 
[16]. We used random-effects models because there was great subjec
tivity given the lack of related control groups in the no comparative 
studies, and a tendency toward high heterogeneity. 

To detect and evaluate clinically significant heterogeneity of OM, BF 
and toxicity, we performed several sensitivity analyses in order to 
identify potential differences in treatment across the studies. First, we 
estimated whether the type of study (prospective vs retrospective) or 
publication data (before or after 2015) could influence the heteroge
neity of this systematic review. Secondly, we performed a sensitivity 
analysis by excluding those studies with median follow-up ≤24 months. 
The third factor evaluated was the influence of different combination of 
irradiation technique (previous RT and Re-I). Finally, we analyzed the 
influence of combination of Re-I and suppressive hormonal therapy. 

Study-level characteristics (such as median patients age, number of 
low risk patients, of intermediate risk and of high risk patients, number 
of patient treated with hormone-suppressive treatments) were pre
specified for assessment of heterogeneity, which was done using 
regression analysis [17]. 

Results 

The search of the literature yielded 73 citations. Of these, 38 studies 
met the inclusion criteria. The main features of the studies included in 
this systematic review are shown in Table 1. These studies were pub
lished between 2003 and 2019, in 10 countries. Eight studies were 
prospective trials [3,18–24]. The analyzed population of each study 
varied greatly, ranging from 11 [25,26] to 115 [27] patients. Overall, 
the 38 studies included 1194 patients who were re-irradiated within the 
pelvis for PC recurrences. Treatment intent (i.e. palliation versus cure) 
was generally not well described. Median follow-up from Re-I in studies 
specifically examining re-irradiated patients was 30 months, ranged 
from 10 to 94 months, with only two studies [22,28] having 10 months 
median follow-up. 

Site, dose and interval of radiotherapy 

Pelvic Re-I was reported for local disease recurrence and/or lymph 
node disease. In the analyzed studies, the degree of overlap between the 
previous RT and Re-I fields was not clearly described. On the other 
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Table 1 
Patients characteristics, doses and re-irradiation technique of the studies included.  

Authors and years Study design N◦ pts P-RT (Gy): median  
dose (range) 

Median Follow-up:  
months (range) 

Median time elapsed since  
previous RT: months (range) 

Re-I technique Re-I dose (Gy): median dose (range) 

Koutrouvelis et al. 2003 R 31 103Pd: 120; 30 30 (12–87) LDR-BRT 103Pd:100–120;   
125I: 144    125I: 100–144 

Wong et al. 2006 P 17 68 (64.8–70.2) 44 (13–77) – BRT: 125I BRT:103Pd 126 
Allen et al. 2007 R 12 70 (59.4–70.2) 45 (11–64) 69.12(39.96–109.2) BRT 97 Gy (90–113) 
Nguyen et al. 2007 P 25 EBRT: 66–70.2; BRT: 137 47 (14–75) 62.4 (30–153.6) BRT: 125I 137 
Lee et al. 2008 R 21 66.6 (61.2–70.2) 36 85 ± 30.1 BRT: 103Pd 90 (70–100) 
Aaronson et al. 2009 R 24 66–70.2 30 (13–65) 49 (26–109) BRT: 125I BRT:103Pd 72 (65–80) 
Lyczek et al. 2009 R 115 52 (30–76)BRT: 27 – 49.5 (20–220) HDR BRT 30 
Burri et al. 2010 R 42 128.8 86 62 BRT 122 
Moman et al. 2010 R 31 – 29 60 BRT 145 
Chen et al. 2012 R 52 – 59.6 (5.9–154.7) 51.6 (10.8–135.6) HDR-BRT 36 
Hsu et al. 2012 R 15 125I: 144 (144–160); 

103Pd: 90–100. 
EBRT: 45 

23.3 (8–88) 69 (28–132) BRT: 125I BRT:103Pd EBRT 125I: 144 (108–144); 
103Pd: 125. 
EBRT: 40 

Jo et al. 2012 R 11 EBRT 36.8 + HDR 24; 
HDR-BT: 37.5 
Proton: 74 

29 (18–41) 41.5 HDR-BRT 22 

Lahmer et al. 2013 P 18 69.3 (49.9–73.8) 21 (8–77) 64.5 (27–271) PDR-BRT, Ir192 60 
Peters et al. 2014 R 20 I125: 145 

EBRT: 70 
IMRT: 76 

36 (10–45) 94 BRT: 125I 144 

Kukielka et al. 2014 R 25 74.1 13 (4–48) 43 (17–122) BRT: 192Ir 60 
Yamada et al. 2014 P 42 70 36 73 HDR-BRT 32 
Vargas et al. 2014 R 60 68.4 60 150 BRT 100 
Rose et al. 2015 R 18 70.5 (66–78) 31.5 (12–104) 93.6 (42–204) BRT: 125I 137 (130–144) 
Detti et al. 2015 P 16 – 10 126 SBRT 30 
Shimbo et al. 2015 R 15 70 33 45.5 BRT 144 
Fuller et al. 2015 P 29 73.8 (64.8–81) 24 (3–60) 88 (32–200) SBRT (Cyberknife) 34 
Wojcieszek et al. 2016 R 83 74 (52–76) 41 (11–76) 67 (22–124) HDR BRT: 192Ir 30 
Lacy et al. 2016 R 21 144 49 (10–149) 45 (4–287) BRT: 125I 140 (108–144) 
Rutenberg et al. 2016 R 11 145 26.5 (1–53.6) 49 (13–136) IMRT/3D CRT 70.2 (64.8–75.6) 
Janoray et al. 2016 R 21 71.1 (45–76.5) 11.7 (2.5–46.5) 111 (38–398) SBRT (Cyberknife) 36 Gy (35–36.25) 
Zilli et al. 2016 R 14 74 (66–98.4) 94 (48–172) 73 (56–122) EBRT +/− BRT boost 85.1 (70–93.4) NTD2Gy 

Baumann et al. 2017 R 33 70.2 (61.2–79.2) 61 (7–150) 56 (18–118) BRT: 103Pd 
BRT: 192Ir 

103Pd: 100; I192: 30 

Barbera et al. 2017 R 19 73.6 (70–78) 24 (6–45) 84 (12–187) BRT: 125I 130 
Maenhout et al. 2017 R 17 – 10 96 BRT 19 
Kollmeier et al. 2017 R 98 81 31 (2–97) 72 (12–172) LDR-BRT 

HDR-BRT 
103Pd: 125 
125I: 144 

Loi et al. 2017 R 50 74 (60–80) 21.3 (6.1–49.2) 76 (9–205) SBRT (Cyberknife) 30 
Leroy et al. 2017 R 23 75.6 (70–75.6) 22.6 (6–40) 65 (28–150) SBRT (Cyberknife) 36 
Miszczyk et al. 2018 P 38 76 (45–78) BRT: 10–30-36 14.4 (1.6–46.4) 101 (22–179) SBRT 36.25 (18–36.25) 
Mbeutcha* et al. 2017 R 10 – 22.5 69 (55–85) HDR-BRT 35 
Mbeutcha* et al. 2017 R 18 – 14.5 49 (37–70) SBRT (Cyberknife) 35 
D’Agostino et al. 2018 P 23 – 33 90 SBRT 25 
Jereczek-Fossa et al. 2019 R 64 70.2 (45–145) 26.1 (3.1–82.4) 100 (23–208) SBRT 30 
Olivier et al. 2019 R 12 66 34.2 (3.5–64.4) 77.6 (21.4–160.8) SBRT (CyberKnife) 36 

Legend: N = number: Pts = patients; P-RT = previous radiotherapy; Re-I = re-irradiation; R = retrospective; P = prospective; BRT = Brachytherapy; EBRT = External Beam Radiotherapy; LDR-BRT = low dose rate 
Brachytherapy; HDR-BRT = high dose rate Brachytherapy; PDR-BRT = pulse dose rate Brachytherapy; IMRT = Intensity Modulated Radiotherapy; SBRT = Stereotactic Body Radiotherapy; NTD = normalized total dose in 
2 Gy fractions; *: study comparing salvage prostate Re-I using HDR-BRT and SBRT, both arms was analyzed as single study. 

F. M
unoz et al.                                                                                                                                                                                                                                  

D
ow

nloaded for A
nonym

ous U
ser (n/a) at Local H

ealth A
uthority of V

alle d'A
osta from

 C
linicalK

ey.com
 by Elsevier on A

ugust 
07, 2024. For personal use only. N

o other uses w
ithout perm

ission. C
opyright ©

2024. Elsevier Inc. A
ll rights reserved.



Cancer Treatment Reviews 95 (2021) 102176

4

hands, we reported re-irradiated volumes as contained within at least 
the 50% isodose of the previous RT plan and most often, wholly or 
partly, within the high dose region. Previous RT was delivered in 18 
studies with only EBRT, instead in 4 studies [25,29–31] was delivered 
with exclusive BRT, in the remaining 16 studies with a combination of 
EBRT and BRT. In all studies, the median radiation dose was 72.5 Gy, 
ranged from 52 [27] to 145 Gy [25,32]; in most studies there was not 
information about used fractionation. The mean time elapsed since 
previous irradiation was 69 months, ranged from 30 [29] to 150 months 
[33]. In 27 studies [8,11,18–19–20–21,26–45], an interstitial BRT was 
normally used to re-irradiate patients. A SBRT technique was used in 
nine studies [2,3,22–24,47–50]. Finally, in 2 studies treatment was 
delivered using an EBRT, in one after a previous BT [25]and in the other 
after an EBRT [46]. Mbeutcha et al. [11] compared salvage prostate Re-I 
using HDR-BRT and focal SBRT, both arms analyzed as single study. Re- 
irradiation prescription doses were variable, ranging from 19 Gy in 
single HDR fraction to 145 Gy (interstitial BRT). ADT was given with Re- 
I in 502 patients (41.1%). 

Outcomes 

In terms of efficacy OM and BF rates were analyzed. Thirty-five 
studies reported the 2 years OM rate; the pooled 2 years OM rate was 
2.1% (95%CI:1.1–3.7%) with moderate heterogeneity (I2 = 65.53%, P 
< 0.001) (Fig. 1a). No difference in heterogeneity was evidenced after 
omitting studies using different modalities of Re-I. 

Twenty-four studies report the 4 years OM rate; the pooled 4 years 
OM rate was 12.5% (95%CI:8.1–19.5%) with high heterogeneity (I2 =

86%, P < 0.001) (Fig. 1b). Excluding studies using EBRT to re-irradiate, 
there is not difference in heterogeneity. 

Thirty-five studies reported the 2 years BF rate. The pooled 2 years 
BF rate was 24% (95% CI: 19.1–30.2%) with high heterogeneity (I2 =

82.13%, P < 0.001) (Fig. 2a). Excluding studies using EBRT to re- 
irradiate, the pooled result was 20% (95% CI: 15.6–25.7%) with mod
erate heterogeneity (I2 = 73.9%, P < 0.001). 

Finally, twenty-four studies evaluated 4 years BF rate. The pooled 
analysis showed that 35.6% (95% CI: 28.7–44.3%) of patients experi
enced 4 years BF with high heterogeneity (I2 = 87.1%, P < 0.001) 
(Fig. 2b). No difference in heterogeneity was evidenced after omitting 

studies using different modalities of Re-I. 

Toxicity and radiation tolerance of organ at risk 

Regarding tolerance, data on toxicity were analyzed in all 38 studies. 
Globally, grade ≥ 3 (acute and late adverse events) was observed in 148 
patients (12.1%), scored by CTCAE scale version 3 
[20,21,26,30,36,38,42,44,46] or 4 [2,8,11,22,24,25,28,32,37,39–41, 
43,45,47,48,50] or RTOG/EORTC scale [18,19,23,27,31,35,49]. 
Toxicity scale was not specified in three studies [29,33,34]. Acute 
toxicity was analyzed in 29 studies, recording 25 grade ≥ 3 acute tox
icities. The pooled result of grade ≥ 3 acute toxicity was 1.4% (95%CI: 
0.7–3%) with high heterogeneity (I2 = 77.2, P < 0.001) (Fig. 3a). After 
omitting 11 studies using external radiotherapy to re-irradiate, the 
pooled result was 1.3% (95% CI: 0.5–3.4%) with a high heterogeneity 
(I 2 = 81.4%, P < 0.001). The same 29 studies analyze grade ≥ 3 late 
toxicity, recording 103 grade ≥ 3 late adverse events. The pooled result 
of grade ≥ 3 late toxicity was 8.7% (95%CI: 5.8–13%) with high het
erogeneity (I2 = 78.9, P < 0.001) (Fig. 3b). Excluding studies using 
EBRT to re-irradiate, there is not difference in heterogeneity. 

Twenty-five studies stated dose-constraints of OARs; constraints 
were always reported as not-cumulative dose, from previous RT and the 
Re-I (appendix 1). 

In the majority of the studies, the most significant acute and late 
toxicities occurred in the genito-urinary (GU) domain, with few grade ≥
3 events [2, 3, 11, 21, 24, 28, 32, 33, 38, 40, 41, 45, 47, 48, 49, 78]. 

No acute and late grade ≥ 3 gastrointestinal (GI) toxicities occurred 
in the majority of the analyzed studies [3, 11, 22, 24, 28, 33, 38, 39, 43, 
45, 47, 49, 50, 78], when OARs constraints were respected [32], also in 
case of high doses of previous EBRT [21]. 

Subgroup analyses 

We performed subgroup analyses to evaluate whether there was 
evidence of differences in heterogeneity among different studies. The 
analysis of prospective studies did not seem to change heterogeneity in 
2 years OM: 1.1% (95%CI: 0.2–6.1%), in 4 years OM: 10.3% (95%CI: 
2.8–37.5%), in 2 years BF: 27.6% (95%CI: 16.9–45%), in 4 year BF: 
40.3% (95%CI: 19.2–84.7%) and in acute > G3 toxicities: 4.5% (95%CI: 

Fig. 1. Pooled objective 2 and 4 years Overall mortality in Re-Irradiated patients for included studies.  
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2.1–9.3%) and late > G3 toxicities: 3.7% (95%CI: 0.7–19.6%). To the 
same conclusion subgroup the analysis of studies published after 2015, 
of studies with a follow-up > 24 months, of studies including patients 
with almost 50% treated with hormonal blockage. All data are shown in 
Table 2. A reduction in heterogeneity was highlighted analyzing studies 
using previous BRT and Re-I with BRT in 2 years OM: 0.4% (95%CI: 
0.1–2.3%) with a not important heterogeneity and in 4 years OM: 1.7% 
(95%CI: 0.3–9.1%) with low heterogeneity. Similar results were ob
tained analyzing studies using previous EBRT and BRT as Re-I in 2 years 
BF: 0.196% (0.153–0.251) and 4 years BF: 0.30% (0.263–0.389). 

A regression analyses was performed using study-level characteris
tics, as median patients age, number of low risk patients, of intermediate 
risk and of high risk patients, time to Re-I, number of patient treated 
with hormone-suppressive treatments (table 3). This analyses showed 
that LDR-BRT for low risk patients is the only covariate with a marginal 
influence on 2 year OM. Instead, no covariates influenced 2 and 4 year 
BF and 4 year OM. 

Discussion 

The best therapeutic proposal for previously irradiated local relapses 
(LR) from PC is still to be defined since solid scientific data of pro
spective nature are lacking. 

Despite ADT is offered to a large population, patients with long-life 
expectation, negative distant work up imaging and low aggressive 
pattern of disease could still benefit from a local treatment in order to 
achieve disease local control and to postpone systemic therapies 
[51,52]. 

Salvage prostatectomy could offer a chance of cure for these patients 
although it is burdened with important sequelae, some potentially 
heavily affecting patient’s quality of life [51,53]. 

As regards open salvage prostatectomy, in literature incidence rates 
of anastomotic stricture, urinary incontinence, and rectal injury are re
ported up to 32%, 68% and 7%, respectively [51]. Despite robotic 
prostatectomy showed lower risks of major complications and better 
functional outcomes than an open approach, anastomotic stricture and 
urinary incontinence rates remain still high [4]. 

Fig. 2. Pooled objective 2 and 4 years Biochemical Failure in Re-Irradiated patients for included studies.  

Fig. 3. Pooled rate of ≥ G3 Acute and Late Toxicity in Re-Irradiated patients for included studies.  
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Conservative local options, such as Cryotherapy, High-intensity 
focused ultrasound (HIFU), BRT and EBRT, showed promising results 
in several studies [51,54,55]. In the systematic review by Ingrosso et al., 
the Authors compared the biochemical control rate and the toxicity 
profile of these techniques [54]. BRT and EBRT showed the best thera
peutic window with the highest biochemical control rate and the lowest 
prevalence of urinary incontinence and obstruction. Conversely, HIFU 
was associated with lower local control rates and higher incidence of 
toxicities. 

A possible debate regards the possibility that a relapse after RT could 
be related to a radioresistant cancer cell clone suggesting that a second 
treatment course might not achieve a good oncological outcome. How
ever, several studies reported biochemical response rates after Re-I to be 
similar to RT naive patients [3,50] hinting the persistence of radiosen
sitive cancer cells. The absence of local control after the primary 

treatment course could be related to an insufficient dose delivered as 
reported in many studies (median dose primary treatment < 76 Gy) 
[3,49]. Indeed, it is well known the radiobiological rationale for dose 
escalation in PC RT [56], and, in this setting, SBRT or BRT could offer a 
chance of cure for selected patients [54,57–59]. 

Our systematic review focused on outcomes and safety of Re-I for 
local relapses. 

Concerning clinical outcomes, we reported a 2 and 4 years OM rate of 
2.1% and 12.2%, respectively, with a high heterogeneity for the latter. 
Additionally, 2 and 4 years BF rates were 23.6% and 35.6%, respec
tively, in accordance to the results of other meta-analyses [54], with 
high I2values. A regression analysis performed considering several 
characteristics (median patients age, number of low risk patients, of 
intermediate risk and of high risk patients, time to Re-I, number of pa
tient treated with hormone-suppressive treatments) showed an 

Table 2 
Subgroup analysis for: prospective studies, published studies after 2015, a follow-up > 24 months, different combination of radiotherapy technique and studies 
including hormonal blockage.  

Strata of sensitivity-analysis results for each end point Effect size % (CI) I-s References 

Prospective studies 
2-yrs OM 1 (0.2–6.1) 55.01 3;18;19;20;21;24 
4-yrs OM 10.3 (2.8–37.5) 86.89 18;20;21;24 
2-yrs BF 27.6 (1.69–45) 19.72 3;18;19;20;21;24 
4-yrs BF 40.3 (19.2–84.7) 92.05 18;19;21;24 
Acute toxicities > G3 4.5 (2.1–9.3) 0 3;19;21;22;24 
Late toxicities > G3 3.7 (0.7–19.6) 78.01 3;19;21;22;24  

Published studies after 2015 
2-yrs OM 0.01 (0.003–0.031) 73.93 2;3;8;11;24;26;28;31;40;41;44;45;46;47;48 
4-yrs OM 0.099 (0.039–0.255) 88.87 8;11;24;31;40;41;45;46 
2-yrs BF 0.292 (0.216–0.396) 83.89 2;3;8;11;24;26;28;31;40;41;44;45;46;47;48 
4-yrs BF 0.416 (0.277–0.625) 91.06 8;11;24;31;40;41;45 
Acute toxicities > G3 0.013 (0.004–0.042) 83.09 2;3;11;22;24;25;28;31;41;44;45;46;47;49 
Late toxicities > G3 0.097 (0.053–0.176) 83.12 2;3;11;22;24;25;26;28;31;40;41;44;45;46;47;49  

Follow-up > 24 months 
2-yrs OM 2 (1–4) 66.67 3;8;18;19;21;24;25;26;29;30;31;32;33;34;35;36;37;40;41;42;44;44;46;47;48 
4-yrs OM 14.8 (9.1–24.1) 87.67 8;18;19;21;24;29;30;31;32;33;34;35;36;37;41;42;44 
2-yrs BF 20.4 (15.1–27.5) 82.54 3;8;18;19;21;24;25;26;29;30;31;32;31;33;36;37;38;41;42;44;45;49 
4-yrs BF 31.8 (23.7–42.7) 90.06 8;18;19;21;24;29;30;31;32;33;34;35;36;37;41;42;45 
Acute toxicities > G3 2.1 (1.3–3.4) 0 8;19;21;24;26;30;31;32;33;34;36;37;38;41;42;44;45;49 
Late toxicities > G3 9.8 (6.5–14.8) 73.59 3;8;19;21;24;25;26;30;31;32;33;34;35;37;38;40;41;42;44;45;46;47;49  

Only studies using BRT (previous RT) and BRT (Re-I) 
2-yrs OM 0.4 (0.1–2.3) 15.1 29;30;31;43 
4-yrs OM 1.7 (0.3–9.1) 35.28 29;30;31;43 
2-yrs BF 10.6 (4–28.3) 62.44 29;30;31;43 
4-yrs BF 29.4 (16.8–51.7) 75.79 29;30;31;43 
Acute toxicities > G3 3.4 (1–11) 0 30;31 
Late toxicities > G3 11.4 (6–22) 0 30;31  

Only studies using EBRT (previous RT) and BRT (Re-I) 
2-yrs OM 0.032 (0.016–0.063) 40.95 8;18;19;20;21;26;27;28;32;33;34;35;36;37;39;40;44;45 
4-yrs OM 0.174 (0.099–0.303) 90.04 18;19;21;27;32;33;34;35;36;37;45 
2-yrs BF 0.196 (0.153–0.251) 55.98 8;18;19;20;21;26;27;28;32;33;34;35;36;37;39;40;44;45 
4-yrs BF 0.30 (0.263–0.389) 48.59 18;21;27;32;33;34;35;36;37;45 
Acute toxicities > G3 0.023 (0.013–0.041) 11.21 19;21;26;27;32;33;34;36;37;39;40;44 
Late toxicities > G3 0.096 (0.054–0.17) 79.03 19;21;26;27;28;32;33;34;36;37;39;40;44;45  

Only studies using EBRT (previous RT) and SBRT (Re-I) 
2-yrs OM 0.009 (0.002–0.054) 58.25 2;3;24;48;49 
4-yrs OM 0.071 (0.013-0.314) n.a. 24 
2-yrs BF 0.462 (0.349–0.612) 71.62 2;3;24;47;48;49 
4-yrs BF 0.9 (0.716–0.970) n.a. 24 
Acute toxicities > G3 0.023 (0.01–0.05) 2.2510 2;3;22;47;49 
Late toxicities > G3 0.023 (0.01–0.05)  2;3;22;24;47;49  

Only studies combining Re-I with hormonal blockage in > 50% of patients 
2-yrs OM 0.028 (0.012–0.066) 57.96 8;11;18;27;29;32;34;35;39;45;46;48 
4-yrs OM 0.211 (0.121–0.368) 70.86 8;11;18;27;29;32;34;35;45;46 
2-yrs BF 0.179 (0.12–0.269) 68.3 8;18;27;29;32;34;35;39;45;48 
4-yrs BF 0.362 (0.268–0.489) 75.91 11;18;27;29;32;34:35;45 
Acute toxicities > G3 0.0.13 (0.006–0.025) 0 11;27;32;34;39;45;46;49 
Late toxicities > G3 0.066 (0.023–0.187) 89.02 11;27;32;34;39;45;46 

Legend: I-s: I-squared; yrs: years; OM: Overall Mortality; BF: Biochemical Failure; RT = Radiotherapy; BRT = Brachytherapy; EBRT = External Beam Radiotherapy; 
SBRT = Stereotactic Body Radiotherapy; Re-I = re-irradiation. 
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influence on 2 year OM in low risk patients treated with LDR-BRT. 
Moreover, in order to investigate the causes of the high heteroge

neity among different studies a subgroup analyses was performed. The 
results were not different after considering only prospective studies, 
studies published after 2015 and studies with a follow up period longer 
than 24 months. Another source of heterogeneity investigated by sub
group analyses was the different radiation techniques used in the 
analyzed studies (for both primary RT and Re-I). The only reduction in 
heterogeneity was found for studies using BRT as previous RT and Re-I, 
with 2 years OM (0.4%) and 4 years OM (1.7%), and previous EBRT and 
BRT as Re-I in 2 years BF (0.2%) and 4 years BF (0.3%). No difference 
was observed in heterogeneity in patients undergoing ADT. 

Different definition of biochemical relapse and inclusion criteria of 
the analyzed studies could have been an impact on heterogeneity in 
clinical outcomes and patient selection is very crucial when a local Re-I 
is offered [51]. 

Indeed, patients with high risk features at diagnosis, short pre- 
salvage PSA doubling time, higher PSA value at the time of Re-I, 
ongoing ADT, a disease free interval less than 30 months, high PSA 
nadir values after Re-I as well as a long time to achieve it, showed to 
have a worse prognosis [2,25,30,42,45,51,52], because of the high risk 
of distant microscopic spread at the time of Re-I, leading to the loss of 
oncological significance of a local approach. The majority of the studies 
analyzed in our review did not clearly identified if the Re-I had been 
performed for an intraprostatic recurrence or on a tumor bed recurrence, 
except for fourteen studies [2,11,22,24,25,27,37,39,40,47–50]. Despite 
this, looking at the doses and techniques delivered for the first RT, we 
can infer in the majority of the studies that Re-I had been performed for 
an intraprostatic relapse after a definitive RT. All patients were re- 
irradiated for biochemical failure, confirmed by imaging (Magnetic 
Resonance Imaging, MRI, and Positron Emission Tomography, PET CT) 
in 16 studies [2,11,19–24,32,40,41,45,48–50] and by biopsy in all 
studies, except eight [2,18,20,22,31,34,40,47]. 

All studies declared to re-irradiated patients without distant metas
tases, except for 15 [11,18,19,22,30,33–35,37,42,43,45–48]. In this 
regard, the distant work up imaging is of paramount importance. Among 
the analyzed studies, many used Computed Tomography (CT) scan and 
bone scintigraphy [19,21,31], while most recent ones performed pelvic 
MRI and Choline PET CT for local and distant staging, respectively 
[2,20,22,23,28,47]. PET imaging with prostate-specific tracers such as 
PSMA, showed promising sensitivity and specificity rates and could be 
very useful to optimally detect patients with a true local relapse [60,61]. 

As far as toxicity is concerned, our analyses reported a pooled ≥ G3 
acute and late toxicity rate of 1.4% and 8.7% respectively. 

In accordance with findings from Re-I of other cancers [62,63],the 
time interval between primary RT and Re-I is related to the risk of 
toxicity. In particular, the time elapsed between the two RT courses is 
correlated to acute and late genitourinary side effects in the studies by 
D’Agostino and Nguyen, respectively, with the latter showing a HR of 12 
for grade 3 or 4 toxicity and 25 for colostomy and/or urostomy for an 
interval time shorter than 4.5 years [19,24]. 

Our systematic review reports dosimetric parameters available in 25 
studies, as not-cumulative dose constraints (appendix 1). The most sig
nificant acute and late toxicities occurred in the GU domain. Using 
stringent bladder and urethral Dmax dose constraints, few cases of acute 
and late grade ≥ 3 were reported in 29 patients re-irradiated with SBRT 
[3]. 

In a study of 17 patients treated with HDR-BRT, the dose constraint 
of the urethra was set as a D10% = 17.7 Gy. In four patients, although the 
dose constraint was exceeded, reaching a maximum of 18.2 Gy, no late 
stenosis occurred. Only one patient, receiving a D10% of 17.9 Gy, showed 
a late grade 3 urethral stenosis, but it should be noted that in this patient 
the tumor completely surrounded the urethra and was partially abutting 
the internal urinary sphincter [28]. 

This data underlined the impact of the prostatic volume on conse
quent toxicity of surrounding OARs, specially concerning urethra, as 
also reported by different authors in both BRT and SBRT Re-I [3,32]. 

Moreover, it was noted as patients with late complications tended to 
have a higher whole prostate D90 than those without complications (151 
vs. 134 Gy, p < 0.04). Therefore, minimizing both V150 and V200 could 
reduce late toxicity. A potential planning goal should be to treat the 
disease with adequate dose while maintaining a conservative whole 
prostate D90 [44]. So, the respect of the D90, V100 and V125 constraints 
for the urethra could help to obtain no acute grade ≥ 3 GU toxicity [8]. 

In addition, dosimetric parameters were reported in two studies not 
meeting our inclusion criteria. Crook et al., in their prospective series of 
patients undergoing low dose rate BRT Re-I, found V100% (percentage 
of prostate covered by the prescription isodose) relating to late GU and 
could be considered as a surrogate of bladder neck dose, advising to 
lower the dose to this structure as much as possible [64]. 

Even if not included in our review because not reporting outcomes, 
Dipasquale and colleagues [65] demonstrated that the volume of rectum 
that received > 70 Gy at primary RT course was a strong predictor of late 
rectal toxicity. Moreover, when summing the primary and Re-I doses 

Table 3 
Regression analysis for prostate re-irradiation effect on 2 and 4 year OM and BF.  

Covariates 2-yr OM 4-yr OM 2-yr BF 2-yr BF 

Coefficient SE p- 
value 

Coefficient SE p- 
value 

Coefficient SE p- 
value 

Coefficient SE p- 
value 

Patient median age − 0.04  0.03  0.19  0.07  0.04  0.11  0.03  0.02  0.18 − 0.014  0.02  0.41 
Low risk patients − 0.01  0.02  0.54  − 0.01  0.02  0.54  0.002  0.01  0.87 0.004  0.01  0.54 
Intermediate risk patients − 0.02  0.01  0.08  0.02  0.01  0.09  0.005  0.01  0.49 0.0002  0.004  0.96 
High risk patients − 0.02  0.01  0.17  0.04  0.02  0.06  − 0.007  0.01  0.47 − 0.006  0.01  0.42 
Re-I with LDR-BRT in low risk patients − 0.06  0.02  0.04  − 0.02  0.04  0.53  0.03  0.02  0.23 0.02  0.01  0.1 
Re-I with LDR-BRT in intermediate risk 

patients 
− 0.02  0.02  0.36  0.05  0.03  0.09  0.02  0.02  0.41 − 0.01  0.01  0.45 

Re-I with LDR-BRT in high risk patients 0.03  0.22  0.23  0.02  0.01  0.1  − 0.03  0.02  0.16 − 0.009  0.01  0.45 
Re-I with HDR-BRT in low risk patients 0.04  0.03  0.13  0.01  0.04  0.92  − 0.01  0.01  0.4 − 0.003  0.01  0.79 
Re-I with HDR-BRT in intermediate risk 

patients 
0.004  0.03  0.89  0.05  0.03  0.21  − 0.02  0.02  0.31 − 0.014  0.01  0.34 

Re-I with HDR-BRT in high risk patients − 0.01  0.01  0.41  − 0.003  0.01  0.79  − 0.01  0.01  0.29 − 0.01  0.01  0.34 
Re-I with SBRT in low risk patients 0.07  0.12  0.55  0.004  0.04  0.92  0.005  0.04  0.89 –  –  – 
Re-I with SBRT in intermediate risk 

patients 
− 0.09  0.05  0.08  − 0.11  0.09  0.48  0.05  0.02  0.07 –  –  – 

Re-I with SBRT in high risk patients 0.005  0.04  0.89  –  –  –  0.005  0.01  0.72 –  –  – 
Time to Re-I − 0.004  0.01  0.44  0.01  0.01  0.14  − 0.004  0.01  0.44 0.0005  0.002  0.85 
Hormonal blockage − 0.003  0.01  0.82  − 0.01  0.01  0.3  − 0.01  0.01  0.29 − 0.003  0.004  0.52 

yr: years; OM: Overall Mortality; BF: Biochemical Failure; Re-I = re-irradiation; LDR-BRT: low dose rate brachytherapy; HDR-BRT: high dose rate brachytherapy; SBRT: 
Stereotactic Body Radiotherapy. 
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delivered to 1 cc of rectum, a threshold dose of 130 Gy (a/b of 3 Gy) was 
found to be significantly related to the risk of late rectal adverse events. 

On the other hand, no dosimetric values, as V100 or D90, were 
significantly associated with the risk of complication or disease pro
gression in another experience using HDR-BRT [21]. 

Even in the SBRT study conducted by Loi et al., no statistical corre
lation was found between dosimetric variables and overall grade GU and 
GI toxicity, keeping as low as possible the doses given to 30% and 60% of 
the rectal volume and to 50% of the urinary bladder volume. Only the 
average dose to the rectum (12.12 versus 8.92 Gy, p = 0.035) showed a 
correlation with rectal toxicity, regardless all grades, even if further 
analysis failed to show a linear increase in toxicity in proportion with the 
average dose to the rectum (p = 0.06). The good toxicity profile in this 
study, as stated by the authors, seems to be correlated to the long-time 
interval between prior RT and Re-I (76 months) [2]. 

Nor correlation was found between dosimetric factors and previous 
treatment or post-SBRT toxicity, confirming as SBRT could be consid
ered a good option for its ability to spare normal tissue [47,48]. 

Therefore, no conclusive data on dose constraints and toxicity cor
relation could be provided. The prostate volume to re-irradiate and the 
time interval between previous and Re-I remain important issues con
nected to toxicity. In addition, other factors have to be considered for 
Re-I tolerability, as an appropriate learning curve in treatment planning 
in order to respect dose-volume goals [20] and the high volume of 
experience of the Center, allowing to validate dose constraints in a larger 
population and with longer follow-up [24,38,49]. 

To the best of our knowledge, this is the first systematic review 
focusing only on RT treatment options for local relapses from PC, 
differently from others evaluating all possible approaches [5,66–68], or 
only BRT option [69] or SBRT [70]. Furthermore, our analyses have 
some limitations. High studies heterogeneity does not permit a com
parison of all outcomes. Moreover, a subgroup analyses has been per
formed in order to quantify clinical data. 

Despite these limitations, our analyses showed promising results, in 
terms of efficacy and safety, independently by the variables we have 
analyzed. Furthermore, thanks to the subgroup and regression analyses 
performed, we can identified LDR-BRT as an influencer on 2 year OM for 
low risk patients. 

Several issues potentially weighing on outcomes and safety of Re-I 
remain open. First, it is not clear the optimal retreatment clinical 
target volume definition. Radiation oncologists have to balance the risks 
of an oncological missing of a focal approach [71] and the supposed 
higher toxicity of a whole gland target delineation. The Delphi 
consensus by the Uro-Gec group also showed a divided opinion on this 
topic, with the most experienced participants choosing whole gland RT 
as BRT retreatment volume [72]. 

Second, the optimal prescription dose has yet to be defined. The 
analyzed studies reported a wide range of delivered doses and the Del
phy consensus showed a disagreement between experts too [72]. In the 
retrospective series of patients undergoing SBRT by Jereczek [49], dose 
escalation confirmed its role in PC even in the Re-I setting since BED2Gy 
> 130 Gy was prognosticator of a better biochemical free survival. 

Thirdly, no comparison studies have been conducted to establish the 
radiation technique to choose for Re-I. Zilli et al. [46] reported high late 
toxicity rates and poor biochemical and local control n a population of 
14 patients undergoing whole gland EBRT +/− BRT as salvage treat
ment after a medium follow up of 94 months. 3DRT was administered in 
10 out of 14 patients. This result probably suggests the need of highly 
conformed techniques that could allow a deep dose fall-off in order to 
deliver high doses to the target while sparing as much as possible the 
surrounding healthy tissues. BRT and SBRT could meet these re
quirements and, in addition, their shorter overall treatment time could 
enhance treatment effectiveness. 

Similarly, the role of concomitant ADT to Re-I is still controversial 
because some studies found it not related to prognosis [30], while others 
found it to be a negative prognosticator for BFS [2]. Interestingly, the 

Delphy group reached a consensus about this issue advising not to 
administer ADT during Re-I probably because the advantage could be 
twofold that is postponed an effective systemic treatment option and 
avoid its potential side effects [72]. 

Lastly, the presence of biases affecting the safety profile assessment 
cannot be excluded. 

On one hand, it is noteworthy that in most studies the primary 
treatment was 2D or 3DRT with higher doses to OARs. In addition to the 
conformed dose distribution warranted by IMRT, IGRT and modern 
tumor tracking systems have allowed to shrink the uncertainties related 
to organ and target motion, consequently reducing the dose to OARs. 

On the other hand, toxicity rates could be underestimated since in 
most studies the primary RT course was given before the era of dose 
escalation with total doses considered inadequate today. 

Moreover, a median follow-up of 30 months is too short for analyzing 
late toxicities and longer follow up time is needed to properly assess the 
late toxicity profile. 

Additionally, no data exist about Re-I after moderate or extremely 
hypofractionation so further data are eagerly awaited in this setting. 

Conclusions 

In our systematic review, Re-I of local failures from PC showed 
promising overall survival and biochemical control rates with a safe 
toxicity profile, independently by the analyzed variables (study design, 
period of the study, radiotherapy techniques performed, androgen 
deprivation therapy) and despite the heterogeneity of studies included. 
Overall, patients with low risk, small prostate volume and long time- 
interval to Re-I could be the best candidates for Re-I when high 
conformal techniques, as BRT and SBRT, are used. Prospective studies or 
large real-world high-quality datasets are warranted to improve the 
level of evidence of data, to address the unanswered questions, to give 
recommendation and to help clinicians for patients selection that may 
benefit from such a strategy. 
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