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Background: There is increasing data on re-irradiation to the prostate using stereotactic body radiotherapy (SBRT)
after definitive radiotherapy for prostate cancer, with increasing evidence on prostate re-irradiation using a C-
arm LINAC or an MR LINAC in recent years. We therefore conducted this systematic review and meta-analysis on
prostate re-irradiation including studies published from 2020 to 2023, to serve as an update on existing meta-
analysis.

Methods: We searched the PubMed and Embase databases in October 2023 with queries including combinations
of “repeat”, “radiotherapy”, “prostate”, “re-irradiation”, “reirradiation”, “re treatment”, “SBRT”, “retreatment”.
Publication date was set to be from 2020 to 2023. There was no limitation regarding language. We adhered to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) recommendations. After data
extraction, heterogeneity testing was done by calculating the I2. A random effects model with a restricted
maximum likelihood estimator was used to estimate the combined effect. Funnel plot asymmetry was assessed
visually and using Egger’s test to estimate the presence of publication and/or small study bias.

Results: 14 publications were included in the systematic review. The rates of acute > grade 2 (G2) genitourinary
(GU) and gastrointestinal (GI) toxicities reported in the included studies ranged from 0.0-30.0 % and 0.0-25.0 %
respectively. For late > G2 GU and GI toxicity, the ranges are 4.0-51.8 % and 0.0-25.0 %. The pooled rate of
acute GU and GI toxicity > G2 were 13 % (95 % CI: 7-18 %) and 2 % (95 % CI: 0—4 %). For late GU and GI
toxicity > G2 the pooled rates were 25 % (95 % CI: 14-35 %) and 5 % (95 % CI: 1-9 %). The pooled 2-year
biochemical recurrence-free survival was 72 % (95 % CI: 64-92 %).

Conclusions: SBRT in the re-irradiation of radiorecurrent prostate cancer is safe and effective. Further prospective
data are warranted.

1. Introduction

Radiotherapy is one of the main treatment modalities of prostate
cancer treatment for localized disease [1]. However, up to a third of
patients develop a recurrence after primary radiotherapy [2,3]. With
modern imaging like PSMA-PET/CT, distinguishing between a local and
regional recurrence or even metastatic disease is possible with high
sensitivity and specificity [4-6]. For patients with an isolated local
recurrence, there are different treatment options like salvage surgery but

also non-surgical options like high-intensity focused ultrasound (HIFU),
cryotherapy and re-irradiation, with both brachytherapy and external
beam radiotherapy (EBRT). A meta-analysis by Valle et al. found no
significant difference for 2- and 5-year recurrence-free survival between
radical prostatectomy and SBRT or brachytherapy in radiorecurrent
prostate cancer. They did however find significantly lower rates of se-
vere GU toxicity in patients treated with any form of radiotherapy [7].

Regarding EBRT, stereotactic radiotherapy (SBRT) has proven to be
feasible with a promising oncological outcome and acceptable toxicity
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rates not only after EBRT but also brachytherapy [8].

Early series on prostate re-irradiation using SBRT date back more
than 10 years [9,10]. In 2019, a large Meta-analysis on non-surgical
local therapies for recurrent prostate cancer by Ingrosso et al. showed
good outcomes for biochemical and local control as well as incontinence
rates when using EBRT as salvage therapy. In this analysis only five out
of the seven EBRT studies used SBRT for all patients in the re-irradiation
setting [8]. There was another systematic review in 2021 by Munoz et al.
including studies on prostate re-irradiation using mostly brachytherapy
but also EBRT or SBRT until 2019. They found acceptable biochemical
failure rates with pooled 2- and 4-year BF rates of 24 % and 35.6 % and
pooled high grade (>G3) late toxicity was 8.7 % [11].

Noticeably, earlier studies on SBRT for radiorecurrent prostate can-
cer were often done using a Cyberknife treatment machine
[9,10,12-16]. In the last years, however, there has been increasing ev-
idence on prostate re-irradiation using a C-arm LINAC or a MR LINAC
[17-33] as well as an increase in prospective data [24,26-28,30,33,34].

We therefore conducted this Systematic Review and Meta-Analysis
on prostate re-irradiation using SBRT including studies published from
2020 to 2023 to serve as an update of the above-mentioned Meta-
analyses.

2. Materials and methods
2.1. Study search and selection process

The PICO criteria (Population, Intervention, Control, Outcome) were
used for this Systematic Review with the following criteria: population —
patients with radiorecurrent prostate cancer after primary radiotherapy;
intervention — SBRT to radiorecurrent cancer in the prostate; control —
historical controls from published phase II/III studies; outcome — a) rate
of acute and late toxicities after SBRT and b) biochemical control after
SBRT [35,36].

This analysis was done in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) recom-
mendations [37] using a similar approach as we have conducted before
[38]. We searched the Pubmed and Embase databases with the following
full-text queries in October 2023: “repeat” AND “radiotherapy” AND
“prostate”, ‘“re-irradiation” AND “prostate”, “re irradiation” AND
“prostate”, “reirradiation” AND “prostate”, “re treatment” AND “pros-
tate” AND “SBRT”, “retreatment” AND “prostate” AND “SBRT”. As for
publication date, we applied a filter for the years 2020-2023. At this
stage there was no language limitation. All initially identified records
were copied to an Excel sheet (Microsoft Cooperation, Redmond, WA,
USA), which was used to automatically identify and remove duplicates.
Additional manual removal of duplicates was done were necessary. Out
of the initially identified records, only full-text articles in English
reporting primary data were included in the further process. The refer-
ences of review articles, opinions, etc. were checked to identify any
further records which had not been identified, yet. For cross reference,
also terms like “extreme hypofractionation” or “ultra-hypofractiona-
tion” were considered. As the next step, only papers reporting data on
prostate re-irradiation using SBRT and re-irradiation to the prostate in at
least a part of the cohort were selected. Mixed cohorts including patients
receiving re-irradiation to the prostate bed were allowed. However, to
identify the final papers included in this analysis, papers without inde-
pendent reporting of the outcome in patients with SBRT after primary
radiotherapy were excluded. The identification and selection process
was done twice by two of the co-authors independently (CS and RF). A
third co-author served as the final judge as to which papers were
included (PW). Quality assessment of the included publications was
done using a modified Delphi tool for case-series studies [8,39]. The
results are shown in Table S1 in the supplement.

Clinical and Translational Radiation Oncology 48 (2024) 100806
2.2. Data extraction process

The following data were extracted from the included manuscripts:
first author, year of publication, journal, study design (retrospective,
prospective), study period, overall number of patients included, number
of patients included after definite radiotherapy, radiation treatment
technique at first irradiation, total treatment dose at first irradiation,
treatment machine, diagnosis criteria for recurrence, number of patients
with biopsy at recurrence, defined minimum interval between RT
courses, median time between RT courses, median follow up, total ra-
diation treatment dose, Isodose line (IDL), target of treatment (entire
prostate vs. focal vs. mixed), scheduling (alternating vs. consecutive
days vs other), staging at re-irradiation, number of patients receiving
ADT at re-irradiation, rates of acute and late toxicities (according to the
Radiation Therapy Oncology Group (RTOG) or Common Terminology
Criteria for Adverse Events (CTCAE) classification), data on biochemical
control, data on target delineation for SBRT. The data were extracted by
two independent co-authors (CS and RF) with third co-author serving as
the referee in case of potential disagreements (PW).

2.3. Statistical analysis

All statistical analyses were performed using R (v. 4.3.1) and RStudio
(v. 2023.09.1 + 494) with the robometa (v. 2.1), metafor (v. 4.4.0) and
dpyler (v. 1.1.3) libraries.

Following heterogeneity testing by calculating the I2, a random ef-
fects model with a restricted maximum likelihood estimator [40] was
used to estimate the combined effect. Funnel plot asymmetry was
assessed visually and using Egger’s test to estimate the presence of
publication and/or small study bias [41].

3. Result
3.1. Selected studies

We identified a total of 1294 studies from the initial search of the
databases. From these records, 677 duplicates were removed. From the
resulting 617 records, 295 records were removed due to no available full
text, no record in English language or no recording of primary data being
present. Of the remaining 322 records used for screening, another 284
were excluded because no data on re-irradiation after initial treatment
for PCA and/or no outcome data was reported, resulting in 38 records. In
the final step, 14 papers included data on patients treated with SBRT for
radiorecurrent prostate cancer after primary radiotherapy and were
selected for the Systematic Review while 24 papers were removed
during this step [23-34,42,43]. Fig. 1 shows the consort diagram of the
study selection process.

Among the 14 selected papers, there were five prospective analyses,
seven were retrospective analyses, one retrospective analysis of a pro-
spective database and one was a small case series. Two publications
included patients with re-irradiation to the prostate or the prostate bed
and separate reporting for both groups. Table 1 shows an overview of the
included publications.

3.2. Target volume and prescription dose

There were differences regarding both, target volume delineation
and dose prescription between the included publications. In five publi-
cations, focal re-irradiation was done while whole prostate re-
irradiation was used in four publications. Another five publications
included cohorts with mixed focal or whole prostate re-irradiation. The
most common dose concepts were 5 x 6 Gy, 5x 7 Gy or 6 x 6 Gy given
either on alternating or consecutive days. Further details on target
delineation and dose prescription can be found in Table S2 in the
supplement.
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Fig. 1. Paper selection process.

3.3. Acute and late toxicities

Toxicity scoring was done using the RTOG/EORTC toxicity scoring
system in two publications [23,29] and the CTCAE scoring system
(versions 3 to 5) in nine publications [25-28,31,33,34,42,43]. In two
publications, CTCAE was used for acute toxicity while RTOG was used
for late toxicity [24,32]. The scoring system was not specified in one
publication [30]. Both toxicity systems overall have a moderate inter-
scale agreement with more G1-2 toxicities being identified with the
CTCAE scoring system [44,45].

The rates of acute > G2 GU and GI toxicities reported in the included
studies range from 0.0 to 30.0 % and 0.0 to 25.0 % respectively. The rate
of acute G3 GU and GI toxicity range from 0.0 — 3.8 % and 0 — 9.4 %.
There were no > G3 acute toxicities reported.

For late > G2 GU and GI toxicity, values ranged from 4.0 — 51.8 %
and 0.0 — 25.0 %. The rates for late > G3 toxicity ranged from 0.0 % —
10.7 % for GI and 0.0 % — 23.2 % for GU, with rates of up to 5.4 % of >
G3 late GU and GI toxicities being reported.

3.4. Meta-analysis of acute toxicity

While the calculated I? statistics for acute GU and GI toxicity > grade
2 did not indicate a high degree of heterogeneity (0 and 39.9 %,
respectively), the confidence intervals were wide due to the limited
number and size of the included studies (95 % CI: 0 % — 85.4 % and 0 %
— 79.7 % respectively).

The pooled rate of acute GU toxicity > grade 2 was 13 % (95 % CI: 7
% — 18 %) and the pooled rate of acute GI toxicity > grade 2 was 2 %
(95 % CI: 0 % — 4 %).

The pooled rate of acute GU toxicity > grade 3 was 2 % (95 % CI: 0 %
— 3 %) and the pooled rate of acute GI toxicity > grade 3 was 2 % (95 %
CL: 0 % — 3 %).

Egger’s test found significant funnel plot asymmetry for both acute
GU toxicity greater than or equal to grade 2 (p = 0.007) and acute GI
toxicity greater than or equal to grade 2 (p = 0.02) with larger studies
reporting lower rates of toxicity.

The Forest plots for acute > grade 2 toxicity are shown in Fig. 2 a)
and b) and for acute > grade 3 toxicity in Fig. 2 ¢) and d). The associated
Funnel plots as Figures S1 a) — d) in the supplement.
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Table 1
Details of included studies.
Author/ Design  No of No of Type of Total Dose initial Treatment Years treated ~ Diagnosis of Patients with No of Minimum Median Time Median FU
year patients patients initial RT machine (Re-RT) Recurrence ADT atRe-RT (%)  patients intervall from between RT after Re-RT
(total) (after RT (Re-RT) with Re- 1st RT (months)
def. RT) Biopsy
Allali et al./ R 41 41 EBRT or EBRT 65-80 Gy CK 2016-2021 Phoenix criteria or not reported not not reported 8.1 years (range, 35
2023 BT PSA kinetics or reported 1.9—20.1)
visualization via PET
Matrone R 44 44 EBRT BED 177.3 Gy LINAC 2012-2019 Phoenix criteria 27.3 5 12 months 60 months (range,  25.4
et al./2021 (range, 16.9-615.5)
151.7-186.7)
Greco et al./ R (P) 30 30 EBRT 74 Gy (range, LINAC 2013-2020 Phoenix criteria 53.3 not 24 months 55.8 months (IQR 44
2022 and/or 71.6-74) reported 53.0-83.5)
BT
Bergamin P 25 25 EBRT not reported LINAC 2016-2019 Phoenix criteria 0.0 25 48 months 8.3 years (range, 25
et al./2020 and/or 4.5-13.6)
BT
Lewin et al./ P 30 30 EBRT or EBRT 80 Gy LINAC 2015-2018 Phoenix criteria 50.0 18 not reported 9 years (range 28
2021 BT (range, 74-82), 2-20 years)
LDR 145 Gy
Pasquier P 21 21 EBRT 74 Gy (range, CKor LINAC  2018-2021 Phoenix criteria 0.0 21 24 months 8.6 years 12.3
et al./2023 74-76) (IQR:6.3-10.7)
Cozzi et al./ R 20 20 EBRT 70 Gy (35-78.2 LINAC 2019-2022 Phoenix criteria 65.0 not not reported 73.8 months 26.7
2023 Gy) reported (range, 21-146)
Ozyigitetal./ R 11 11 EBRT 70-76 Gy CKor LINAC  2016-2019 Phoenix criteria 36.4 not 18 months 63 months (range, 19
2020 reported 23-178)
Cuccia et al./ P 22 12 EBRT not reported MR LINAC 2019-2021 Phoenix criteria 18.2 not 12 months 72 months (range, 8
2022 and BT reported 12-1460)
Montalvo C 5 4 EBRT or EBRT 79.2 Gy MR LINAC not reported Phoenix criteria 60.0 3 not reported range 5—22 not reported
et al./2022 LDR BT years
Augugliaro R 26 26 EBRT EQD2 (1.5) 78 Gy CKor LINAC  2012-2016 Phoenix criteria 84.6 not not reported 5.6 years (range, 47.7
et al./2021 (range, 60.5-85) reported 2.3-14.1)
Miszczyk R 56 56 EBRT not reported CK 2012-2020 not specified 73.2 42 not reported 87.5 months 38.6
et al./2023 and/or (range,
BT 60.3-124.5)
Fuller et al./ P 50 50 EBRT or 75.6 Gy (range, CK 2009-2018 Biopsy proven 14.0 not 24 months 98 months (range, 44
2020 BT 35-145) reported 32-241)
Nikitasetal./ R 11 11 LDR not reported LINAC or 2018-2021 not specified 36.4 2 not reported 7 years (range, 37.9
2023 Brachy MR LINAC 2-11)

FU - Follow up, R - retrospective, P- prospective, R (P) — retrospective analysis of prospective database, C — case report, EBRT — external beam radiotherapy, BT — brachytherapy, HDR - high-dose-rate, LDR — low-dose-rate,

CK - Cyberknife, IQR - interquartile range.
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Fig. 2. Forest Plots of the included publications — a) and b) acute >=G2 GU (a) and GI (b) toxicity, c¢) and d) acute >=G3 GU (c) and GI (d) toxicity.

3.5. Meta-analysis of late toxicity

The calculated I? statistics for late GU and GI toxicity greater > grade
2 were 77.9 % (95 % CI: 49.5 % — 94.1 %) and 68.4 % (95 % CI: 19.2 %
— 94.9 %), respectively.

The pooled rate of late GU toxicity > grade 2 was 25 % (95 % CI: 14
% — 35 %), and the pooled rate of late GI toxicity > grade 2 was 5 % (95
% CI: 1 % — 9 %).

The pooled rate of late GU toxicity > grade 3 was 4 % (95 % CI: 2 % —
6 %), and the pooled rate of late GI toxicity > grade 3 was 2 % (95 % CI:
0% — 3 %).

Egger’s test did not find significant funnel plot asymmetry for late
GU toxicity greater than or equal to grade 2 (p = 0.097). However, there
was significant funnel plot asymmetry for late GU toxicity greater than
or equal to grade 2 (p = 0.0007) with larger studies reporting lower rates
of toxicity. The Forest plots for > grade 2 late toxicity are shown as Fig. 3
a) and b) and those for > grade 3 late toxicities as Fig. 3 ¢) and d). The
respective Funnel plots can be found as Figures S2 a) and d) in the
supplement.

Only few studies reported on factors associated with the occurrence
of toxicity. Miszsczyk et al. found an association with G3 + toxicity for
PTV size, the extent of salvage radiotherapy (focal vs. whole prostate)
and the use of ADT in the univariate analysis of which PTV size and ADT
remained significant in the multivariate analysis [43]. For G3 + GU
toxicity, Fuller et al found a significant difference for patients receiving
EBRT as first radiotherapy versus more intensive first therapies [34].
Greco et al. reported an association of G2 GU toxicity and gland volume
[27] in univariate analysis.

3.6. Biochemical control

Data on 2-year BRFS was reported in 10 studies
[23-25,27,29,31,32,34,42,43]. 2-year BRFS in those studies ranged
from 48 % to 91 %. Median follow-up in those studies ranged from 19

months to 47.7 months.

3.7. Meta-analysis of biochemical control

The calculated I? statistic for 2-year BRFS was 65.5 % (95 % CI: 26.3
% — 91.8 %). The pooled 2-year BRFS was 72 % (95 % CI: 64 % — 92 %).
Egger’s test did not find significant funnel plot asymmetry (p = 0.135).
Fig. 4 shows the Forest plot for the 2-year bRFS and the Funnel Plot is
shown as Figure S3 in the supplement.

Several factors associated with the biochemical outcome were re-
ported in the included studies. Matrone et al. reported favourable out-
comes in patients with a longer interval between the RT courses, a
higher BED at first RT and the use of ADT at re-irradiation. Greco et al.
identified the treatment modality at first RT (EBRT vs. brachytherapy) as
a significant factor [27]. Other factors that were associated with
biochemical outcome were ISUP risk group at first RT and pre-salvage
PSA level [34,43].

However, Ozyigit et al. found no association for the use of ADT,
primary RT dose, pre-salvage PSA or treatment machine and Greco et al.
found no association for the interval between the RT courses, NCCN risk
group at first RT or the use of ADT at re-irradiation [27,32].

4. Discussion

Up to a third of patients who receive definitive radiotherapy for
prostate cancer will develop a recurrence [2,3].

PSA monitoring is used for surveillance after radiotherapy. A benign
PSA bounce can occur in a proportion of patients in the first few years
after definitive radiotherapy, and may be associated with favourable
outcomes [46-48]. Biochemical failure after radiotherapy was histori-
cally variably defined. The 2005 RTOG-ASTRO Conference sought to
develop a consensus definition that better correlated with outcomes, and
could also be used for patients who received hormone therapy with
radiotherapy [49]. From this conference, biochemical failure was
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Fig. 3. Forest Plots of the included publications — a) and b) late >=G2 GU (a) and GI (b) toxicity, ¢) and d) late >=G3 GU (c) and GI (d) toxicity.

defined as PSA rise of more than 2 ng/ml above nadir, which remains in
use today and is otherwise known as the “Phoenix” definition.

At time of biochemical failure, PSMA PET-CT and MRI can be used to
assess extent of local, nodal and metastatic disease, and to define sites of
intraprostatic recurrence [4,50-52]. Biopsies should be strongly
considered to confirm and characterise the recurrence [53,54]. Around
10 % of patients will develop localized intraprostatic recurrence after
radiotherapy [3,55]. A meta-analysis by Valle et al reviewed the out-
comes of the surgical and non-surgical local salvage options used in this
cohort [7]. The meta-analysis found no difference in 2-year or 5-year
recurrence-free survival for radical salvage prostatectomy, as
compared to SBRT, LDR brachytherapy or HDR brachytherapy. However
they did find significantly lower rates of severe (defined as > G3) GU
toxicity for any type of radiotherapy, as well as significantly lower rates
of severe GI toxicity for HDR brachytherapy [7].

Non-surgical approaches for radio recurrent prostate cancer include
high-intensity focused ultrasound (HIFU), cryotherapy, normofractio-
nated external beam radiotherapy, SBRT, and HDR or LDR brachyther-
apy [8]. Both brachytherapy and external beam radiotherapy were
found to be good treatment options for locally recurrent disease. The
latter is nowadays mostly done using SBRT, which next to technical
advantages might also have biological advantages due to the low alpha/
beta value of prostate cancer of approximately 1.5 [56,57].

SBRT as salvage therapy for radiorecurrent prostate cancer has been
used for more than 15 years [9,10,12]. Early case series were usually
done with a Cyberknife treatment machine whereas newer studies
included cohorts treated with C-arm Linacs or MR Linacs
[10,12-17,19,22-34,42,43,58-64]. Of the 14 studies included in this
meta-analysis, only three included patients that were exclusively treated
on a Cyberknife [34,42,43].

There is no consensus on target delineation, fractionation or sched-
uling (alternating vs. consecutive days). Regarding treatment dose,
common fractionation schemes used in the included studies are 5 x 6 —
7.25 Gy or 6 x 6 Gy. With an estimated alpha/beta value of 1.5 for
prostate cancer this results in EQD2 doses of 64 — 90 Gy; 5 and 38 — 49
Gys for organs at risk with an estimated alpha/beta value of three. In
nine of the included studies, multiple dose fractionation schemes were
used which further limits the possibility of making statements on the
dose-response relationship. Target delineation in the included studies
was also heterogeneous ranging from focal to whole prostate re-
irradiation, even including the seminal vesicles where necessary.

Regarding toxicity, there is overall a large range of the reported
acute and late GU and GI toxicity. The reported acute > G2 GU and GI
toxicities range from 0 — 30 % and O — 25 %, >G3 from 0.0 — 3.8 % and
0 — 9.4 %. This is well within the range of older data on acute toxicity
after re-irradiation [9,10,13-16,19,63,65,66]. In the meta-analysis, it is
evident that despite the outliers with high toxicity range, the overall
reported > G2 acute toxicity is rather low with 13 % for GU (95 % CI 7 -
18 %) for GU and 2 % (95 % CI 0 — 4 %) for GI. The same can be stated
for > G3 toxicity with pooled toxicity rates in the low single digits.

For late toxicity the overall range of > G2 toxicity is large with 4 —
51.8 % for GU and 0 - 25 % for GI. A smaller but still considerable range
can be seen for > G3 toxicity with 0 — 23.2 % for GU and 0 - 10.7 % for
GI. However, since most studies reported low rates of > G3 toxicity, the
resulting values in the meta-analysis are also low with 2 % for acute GU
and GI, 4 % for late GU and 2 % for late GI. This is again overall
consistent with older data on late toxicity [9,10,13-16,19,63,65,66].

It has to be noted that only one included publication reported data on
a brachytherapy-only cohort as first RT [31]. Eight studies included
mixed cohorts but usually with a low amount of brachytherapy patients
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Author, Year 2.year BRFS
Allak et al , 2023 —a— 0.73
Matrone et al., 2021 —a— 0.58
Greco et al., 2022 b - { 0.75
Bergamun et al., 2020 } - 4 0.79
Cozzietal , 2023 - p 0.89
Ozyigit et al, 2020 | 0.48
Augugliaro et al, 2021 F - 0.48
Miszczyk et al., 2023 - | 0.67
Fuller et al, 2020 [ | 0.77
Nikitas ot al., 2023 } -p 0.1

RE Model < 0.72 (95% CI 0.64 - 0.92)
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Fig. 4. Forest plot for 2-year bRFS.

(<20 %) except for Greco et al. where 44 % of patients had initial
brachytherapy (37 % LDR and 7 % EBRT with LDR boost)
[24,26-28,30,31,34,42,43]. There is another study on mildly hypo-
fractionated external re-irradiation after LDR showing low toxicity rates
with 30 % late G1 toxicity [67]. More intensive first treatment was a risk
factor for higher G3 + toxicity reported by Fuller et al. However, next to
the 5 patients with initial brachytherapy this group also included one
patient with RP and one patient with SBRT [34]. Contrary to this, Pas-
quier et al. found no association of toxicity and kind of first treatment
(EBRT vs. brachytherapy) [68].

There however seems to be higher reported toxicity rates for whole
gland re-irradiation versus focal irradiation, especially for GI (0—4.7 %
for focal vs. 0 — 25 % for whole gland). PTV size was one of the factors
associated with the risk of G3 + toxicity reported by Miszczyk et al. [43].
However, a large retrospective analysis of the GETUG including 100
patients found no differences in toxicity depending on the treated vol-
ume (whole-prostate vs partial SBRT) or PTV [68].

As for the efficacy of SBRT in the re-irradiation setting of radio-
recurrent prostate cancer, the 2-year bRFS rates reported in the ten
studies included in the meta-analysis range from 48 % to 91 %
[23-25,27,29,31,32,34,42,43]. In the random effects model the 2-year
bRFS was 72 % (95 % CI 64 — 92 %). This seems to be overall consis-
tent with older data [10,13-15,65,68].

It has to be noted that two studies included in the meta-analysis
included node-positive or oligometastatic patients at re-irradiation.

Greco et al included 13 % node-positive and 10 % oligometastatic pa-
tients and Miszczyk et al. even 19.6 % oligometastatic patients. How-
ever, the reported 2-year bRFS of 74.5 % and 66.5 % were not the lowest
of all included studies [27,43]. Also, Lewin et al. included node-positive
(23.3 %) and oligometastatic (3.3 %) patients but reported no 2-year
bRFS [28].

The use of ADT was very heterogeneous within the included publi-
cations. The range of patients that received ADT at the time of reirra-
diation range from 0.0 % to 84.6 %. Given the relatively short follow-up
after reirradiation in some of the included studies this may influence
oncological outcome. Generally the role of ADT in the setting of prostate
reirradiation remains unclear. An AIRO survey conducted by Zerini et al.
in 2020 79 % of participants stated that it is case-by-case analysis [65].
However in the ESTRO ACROP Delphi consensus by Jereczek-Fossa et al.
a major agreement was reached for the recommendation that ADT
should not be delivered concomitantly with reirradiation [69]. One
argument they stated is that reirradiation is often used to defer ADT and
associated detrimental effects on QoL.

Although this systematic review and meta-analysis includes five
prospective studies, more prospective data will be important. There
results of several trials are currently awaited. This includes the phase II
results of the GETUG AFU 31 trial, with only the phase I results included
in this meta-analysis [33,70]. Also the follow-up after reirradiation of the
included studies in still rather short ranging from 8 — 47.7 months. While
a longer follow-up is certainly warranted regarding oncological outcome
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and late toxicity, the median follow-up of the included studies is overall
equal or even longer compared to that in older studies.

Due to the overall low number of studies and the heterogeneity of the
included cohorts a comparison between treatment machines is not
feasible. The comparison is further complicated by the fact that espe-
cially older CK data was often collected retrospectively whereas most of
the C-arm LINAC or MR Linac publications included in this meta-analysis
were done prospectively. Still, a comparison of treatment machines to
determine the role of adaptive treatments, especially in the light of the
increasing implementation and utilization of different adaptive treat-
ment delivery systems would be warranted in the future.

Also comparing the results of this Meta-Analysis with that of former
ones is somewhat difficult. Although both included some studies
reporting on outcomes of Re-RT using SBRT, the individual focus was
different. Ingrosso et al. reported on several non-surgical retreatment
options for radiorecurrent prostate cancer [8]. The included reirradia-
tion studies included both SBRT and EBRT cohorts with very few studies
included in the meta-analysis of the individual toxicities like obstruction.
Munoz et al included 38 publications using brachytherapy or SBRT for
reirradiation [11]. They did a subanalysis for publications using SBRT
after EBRT. However, some of the included publications used cohorts of
patients that received either definite EBRT or salvage EBRT after radical
prostatectomy as first radiation treatment.

Additionally, a randomized comparison of salvage options in the
radiorecurrent setting would be interesting, for example between
brachytherapy and SBRT.

5. Conclusion

SBRT in the re-irradiation of radiorecurrent prostate cancer is overall
safe and effective. Open questions remain, e.g. regarding optimal target
delineation and the use of ADT. Especially regarding the potential
benefit of of adaptive treatment options like MR Linac, long-term
outcome data is warranted.

CRediT authorship contribution statement

Christina Schroder: Conceptualization, Methodology, Formal
analysis, Data curation, Writing — original draft, Writing — review &
editing. Hongjian Tang: Data curation, Writing — original draft, Writing
- review & editing. Bianca Lenffer: Writing - review & editing. André
Buchali: Writing — review & editing. Daniel Rudolf Zwahlen: Writing —
review & editing, Supervision. Robert Forster: Writing — review &
editing, Supervision. Paul Windisch: Formal analysis, Data curation,
Methodology, Software, Visualization, Writing — original draft, Writing
- review & editing, Supervision.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ctro.2024.100806.

References

[1] Hamdy FC, Donovan JL, Lane JA, Metcalfe C, Davis M, Turner EL, et al. Fifteen-
year outcomes after monitoring, surgery, or radiotherapy for prostate cancer.
N Engl J Med 2023;388(17):1547-58.

[2] Kuban DA, Tucker SL, Dong L, Starkschall G, Huang EH, Cheung MR, et al. Long-
term results of the M. D. Anderson randomized dose-escalation trial for prostate
cancer. Int J Radiat Oncol Biol Phys 2008;70(1):67-74.

[3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Clinical and Translational Radiation Oncology 48 (2024) 100806

Bolla M, Neven A, Maingon P, Carrie C, Boladeras A, Andreopoulos D, et al. Short
androgen suppression and radiation dose escalation in prostate cancer: 12-year
results of EORTC trial 22991 in patients with localized intermediate-risk disease.
J Clin Oncol 2021;39(27):3022-33.

Hope TA, Eiber M, Armstrong WR, Juarez R, Murthy V, Lawhn-Heath C, et al.
Diagnostic accuracy of 68Ga-PSMA-11 PET for pelvic nodal metastasis detection
prior to radical prostatectomy and pelvic lymph node dissection: a multicenter
prospective phase 3 imaging trial. JAMA Oncol 2021;7(11):1635-42.

Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela I, Thomas P, et al. Prostate-
specific membrane antigen PET-CT in patients with high-risk prostate cancer
before curative-intent surgery or radiotherapy (proPSMA): a prospective,
randomised, multicentre study. Lancet 2020;395(10231):1208-16.

Rajwa P, Pfister D, Rieger C, Heidenreich J, Drzezga A, Persigehl T, et al.
Importance of magnetic resonance imaging and prostate-specific membrane
antigen PET-CT in patients treated with salvage radical prostatectomy for
radiorecurrent prostate cancer. Prostate 2023;83(4):385-91.

Valle LF, Lehrer EJ, Markovic D, Elashoff D, Levin-Epstein R, Karnes RJ, et al.

A systematic review and meta-analysis of local salvage therapies after radiotherapy
for prostate cancer (MASTER). Eur Urol 2021;80(3):280-92.

Ingrosso G, Becherini C, Lancia A, Caini S, Ost P, Francolini G, et al. Nonsurgical
salvage local therapies for radiorecurrent prostate cancer: a systematic review and
meta-analysis. Eur Urol Oncol 2020;3(2):183-97.

Vavassori A, Jereczek-Fossa BA, Beltramo G, De Cicco L, Fariselli L, Bianchi LC,
et al. Image-guided robotic radiosurgery as salvage therapy for locally recurrent
prostate cancer after external beam irradiation: retrospective feasibility study on
six cases. Tumori 2010;96(1):71-5.

Jereczek-Fossa BA, Beltramo G, Fariselli L, Fodor C, Santoro L, Vavassori A, et al.
Robotic image-guided stereotactic radiotherapy, for isolated recurrent primary,
lymph node or metastatic prostate cancer. Int J Radiat Oncol Biol Phys 2012;82(2):
889-97.

Munoz F, Fiorica F, Caravatta L, Rosa C, Ferella L, Boldrini L, et al. Outcomes and
toxicities of re-irradiation for prostate cancer: a systematic review on behalf of the
Re-Irradiation Working Group of the Italian Association of Radiotherapy and
Clinical Oncology (AIRO). Cancer Treat Rev 2021;95:102176.

Zerini D, Jereczek-Fossa BA, Fodor C, Bazzani F, Maucieri A, Ronchi S, et al.
Salvage image-guided intensity modulated or stereotactic body reirradiation of
local recurrence of prostate cancer. Br J Radiol 2015;88(1052):20150197.
Janoray G, Reynaud-Bougnoux A, Ruffier-Loubiere A, Bernadou G, Pointreau Y,
Calais G. Stereotactic body re-irradiation therapy for locally recurrent prostate
cancer after external-beam radiation therapy: Initial report. Cancer Radiother
2016;20(4):275-81.

Leroy T, Lacornerie T, Bogart E, Nickers P, Lartigau E, Pasquier D. Salvage robotic
SBRT for local prostate cancer recurrence after radiotherapy: preliminary results of
the Oscar Lambret Center. Radiat Oncol 2017;12(1):95.

Mbeutcha A, Chauveinc L, Bondiau PY, Chand ME, Durand M, Chevallier D, et al.
Salvage prostate re-irradiation using high-dose-rate brachytherapy or focal
stereotactic body radiotherapy for local recurrence after definitive radiation
therapy. Radiat Oncol 2017;12(1):49.

Miszczyk L, Stapor-Fudzinska M, Miszczyk M, Maciejewski B, Tukiendorf A.
Salvage cyberknife-based reirradiation of patients with recurrent prostate cancer:
the single-center experience. Technol Cancer Res Treat 2018;17:
1533033818785496.

Boldrini L, Romano A, Chiloiro G, Corradini S, De Luca V, Verusio V, et al.
Magnetic resonance guided SBRT reirradiation in locally recurrent prostate cancer:
a multicentric retrospective analysis. Radiat Oncol 2023;18(1):84.

Cuccia F, Nicosia L, Mazzola R, Figlia V, Giaj-Levra N, Ricchetti F, et al. Linac-
based SBRT as a feasible salvage option for local recurrences in previously
irradiated prostate cancer. Strahlenther Onkol 2020;196(7):628-36.

D’Agostino GR, Di Brina L, Mancosu P, Franzese C, Iftode C, Franceschini D, et al.
Reirradiation of locally recurrent prostate cancer with volumetric modulated arc
therapy. Int J Radiat Oncol Biol Phys 2019;104(3):614-21.

Michalet M, Riou O, Cottet-Moine J, Castan F, Gourgou S, Valdenaire S, et al.
Magnetic resonance-guided reirradiation for local recurrence within the prostate or
in the prostate bed: one-year clinical results of a prospective registry study. Cancers
(Basel) 2022;14(8).

Michalet M, Riou O, Valdenaire S, Debuire P, Ailleres N, Draghici R, et al. Magnetic
resonance-guided reirradiation for local recurrence within the prostate or in the
prostate bed: preliminary results of a prospective registry study. Adv Radiat Oncol
2021;6(5):100748.

Patel KR, Rydzewski NR, Schott E, Cooley-Zgela T, Ning H, Cheng J, et al. A phase
1 trial of focal salvage stereotactic body radiation therapy for radiorecurrent
prostate cancer. Pract Radiat Oncol 2023.

Augugliaro M, Marvaso G, Cambria R, Pepa M, Bagnardi V, Frassoni S, et al.
Finding safe dose-volume constraints for re-irradiation with SBRT of patients with
prostate cancer relapse: The IEO experience. Phys Med 2021;92:62-8.

Bergamin S, Eade T, Kneebone A, Booth J, Hsiao E, Schembri GP, et al. Interim
results of a prospective prostate-specific membrane antigen-directed focal
stereotactic reirradiation trial for locally recurrent prostate cancer. Int J Radiat
Oncol Biol Phys 2020;108(5):1172-8.

Cozzi S, Finocchi Ghersi S, Bardoscia L, Najafi M, Blandino G, Ali E, et al. Linac-
based stereotactic salvage reirradiation for intraprostatic prostate cancer
recurrence: toxicity and outcomes. Strahlenther Onkol 2023;199(6):554-64.
Cuccia F, Rigo M, Figlia V, Giaj-Levra N, Mazzola R, Nicosia L, et al. 1.5T MR-
guided daily adaptive stereotactic body radiotherapy for prostate re-irradiation: a
preliminary report of toxicity and clinical outcomes. Front Oncol 2022;12:858740.


https://doi.org/10.1016/j.ctro.2024.100806
https://doi.org/10.1016/j.ctro.2024.100806
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0005
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0005
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0005
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0010
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0010
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0010
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0015
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0015
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0015
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0015
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0020
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0020
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0020
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0020
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0025
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0025
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0025
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0025
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0030
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0030
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0030
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0030
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0035
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0035
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0035
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0040
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0040
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0040
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0045
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0045
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0045
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0045
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0050
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0050
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0050
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0050
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0055
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0055
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0055
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0055
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0060
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0060
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0060
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0065
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0065
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0065
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0065
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0070
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0070
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0070
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0075
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0075
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0075
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0075
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0080
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0080
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0080
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0080
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0085
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0085
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0085
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0090
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0090
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0090
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0095
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0095
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0095
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0100
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0100
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0100
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0100
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0105
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0105
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0105
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0105
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0110
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0110
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0110
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0115
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0115
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0115
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0120
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0120
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0120
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0120
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0125
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0125
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0125
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0130
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0130
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0130

C. Schroder et al.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Greco C, Pares O, Pimentel N, Louro V, Nunes B, Kociolek J, et al. Health-related
quality of life of salvage prostate reirradiation using stereotactic ablative
radiotherapy with urethral-sparing. Front Oncol 2022;12:984917.

Lewin R, Amit U, Laufer M, Berger R, Dotan Z, Domachevsky L, et al. Salvage re-
irradiation using stereotactic body radiation therapy for locally recurrent prostate
cancer: the impact of castration sensitivity on treatment outcomes. Radiat Oncol
2021;16(1):114.

Matrone F, Revelant A, Fanetti G, Polesel J, Chiovati P, Avanzo M, et al. Partial
prostate re-irradiation for the treatment of isolated local recurrence of prostate
cancer in patients previously treated with primary external beam radiotherapy:
short-term results of a monocentric study. Neoplasma 2021;68(1):216-26.
Montalvo SK, Meng B, Lin MH, Park C, Desai NB, Hannan R, et al. Case report:
adaptive radiotherapy in the radiation salvage of prostate cancer. Front Oncol
2022;12:898822.

Nikitas J, Cao M, Nickols NG, Valle L, Steinberg ML, Kishan AU. Early safety and
efficacy profile of homogeneously dosed salvage stereotactic body radiotherapy
(SBRT) for intraprostatic recurrences after low dose rate (LDR) brachytherapy. Clin
Genitourin Cancer 2023;21(2):208-12.

Ozyigit G, Hurmuz P, Akinci D, Esen SCB, Yilmaz MT, Akdogan B, et al. Hyaluronic
acid spacer in focal prostate reirradiation: a single centre experience. Cancer
Radiother 2020;24(8):805-11.

Pasquier D, Lacornerie T, Supiot S, Pommier P, Quivrin M, Simon JM, et al. The
safety and efficacy of salvage stereotactic radiation therapy in patients with
intraprostatic tumor recurrence after previous external radiation therapy: phase 1
results from the GETUG-AFU 31 study. Eur Urol Oncol 2023;6(4):399-405.
Fuller D, Wurzer J, Shirazi R, Bridge S, Law J, Crabtree T, et al. Retreatment for
local recurrence of prostatic carcinoma after prior therapeutic irradiation: efficacy
and toxicity of HDR-Like SBRT. Int J Radiat Oncol Biol Phys 2020;106(2):291-9.
Richardson WS, Wilson MC, Nishikawa J, Hayward RS. The well-built clinical
question: a key to evidence-based decisions. ACP J Club 1995;123(3):A12-3.
Sackett DL. Evidence-based medicine. Semin Perinatol 1997;21(1):3-5.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ 2021;372:n71.

Schroder C, Tang H, Windisch P, Zwahlen DR, Buchali A, Vu E, et al. Stereotactic
radiotherapy after radical prostatectomy in patients with prostate cancer in the
adjuvant or salvage setting: a systematic review. Cancers 2022;14(3):696.

Moga CGB, Schopflocher D, Harstall C. Development of a quality appraisal tool for
case series studies using a modified Delphi technique. Edmonton, Alberta, Canada:
Institute of Health Econom-ics; 2012.

Viechtbauer W. Bias and efficiency of meta-analytic variance estimators in the
random-effects model. J Educ Behav Stat 2005;30(3):261-93.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by
a simple, graphical test. BMJ 1997;315(7109):629-34.

Allali S, Loap P, Bibault JE, Krepps S, Deforge A, Moreau D, et al. Salvage
stereotactic reirradiation for intraprostatic cancer recurrence: a large retrospective
study. Prostate 2023;83(8):743-50.

Miszezyk M, Kraszkiewicz M, Moll M, Kaminiow K, Sobel S, Dolla L, et al. Long-
term outcomes of stereotactic body radiotherapy (SBRT) for intraprostatic relapse
after definitive radiotherapy for prostate cancer: patterns of failure and association
between volume of irradiation and late toxicity. Cancers (Basel) 2023;15(4).
Chinnachamy AN, Chopra S, Krishnatry R, Kannan S, Thomas B, Mahantshetty U,
et al. Evaluation of interobserver and interscale agreement in assessing late bowel
toxicity after pelvic radiation in patients with carcinoma of the cervix. Jpn J Clin
Oncol 2013;43(5):508-14.

Yoshida K, Yamazaki H, Nakamara S, Masui K, Kotsuma T, Akiyama H, et al.
Comparison of common terminology criteria for adverse events v3.0 and radiation
therapy oncology group toxicity score system after high-dose-rate interstitial
brachytherapy as monotherapy for prostate cancer. Anticancer Res 2014;34(4):
2015-8.

Romesser PB, Pei X, Shi W, Zhang Z, Kollmeier M, McBride SM, et al. Prostate-
specific antigen (PSA) bounce after dose-escalated external beam radiation therapy
is an independent predictor of PSA recurrence, metastasis, and survival in prostate
adenocarcinoma patients. Int J Radiat Oncol Biol Phys 2018;100(1):59-67.
Sengoz M, Abacioglu U, Cetin I, Turkeri L. PSA bouncing after external beam
radiation for prostate cancer with or without hormonal treatment. Eur Urol 2003;
43(5):473-7.

Vu CC, Haas JA, Katz AE, Witten MR. Prostate-specific antigen bounce following
stereotactic body radiation therapy for prostate cancer. Front Oncol 2014;4:8.
Roach 3rd M, Hanks G, Thames Jr H, Schellhammer P, Shipley WU, Sokol GH, et al.
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
(4):965-74.

Haidar M, Abi-Ghanem AS, Moukaddam H, Jebai ME, Al Zakleet S, Al Rayess S,
et al. (68)Ga-PSMA PET/CT in early relapsed prostate cancer patients after radical
therapy. Sci Rep 2022;12(1):20500.

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Clinical and Translational Radiation Oncology 48 (2024) 100806

Sonni I, Eiber M, Fendler WP, Alano RM, Vangala SS, Kishan AU, et al. Impact of
(68)Ga-PSMA-11 PET/CT on staging and management of prostate cancer patients
in various clinical settings: a prospective single-center study. J Nucl Med 2020;61
(8):1153-60.

Liu W, Fakir H, Randhawa G, Alfano R, Corkum M, Kassam Z, et al. Defining radio-
recurrent intra-prostatic target volumes using PSMA-targeted PET/CT and multi-
parametric MRI. Clin Transl Radiat Oncol 2022;32:41-7.

Jones JS. Radiorecurrent prostate cancer: an emerging and largely mismanaged
epidemic. Eur Urol 2011;60(3):411-2.

Martino P, Scattoni V, Galosi AB, Consonni P, Trombetta C, Palazzo S, et al. Role of
imaging and biopsy to assess local recurrence after definitive treatment for prostate
carcinoma (surgery, radiotherapy, cryotherapy, HIFU). World J Urol 2011;29(5):
595-605.

Zumsteg ZS, Spratt DE, Romesser PB, Pei X, Zhang Z, Kollmeier M, et al.
Anatomical patterns of recurrence following biochemical relapse in the dose
escalation era of external beam radiotherapy for prostate cancer. J Urol 2015;194
(6):1624-30.

Brenner DJ, Martinez AA, Edmundson GK, Mitchell C, Thames HD, Armour EP.
Direct evidence that prostate tumors show high sensitivity to fractionation (low
alpha/beta ratio), similar to late-responding normal tissue. Int J Radiat Oncol Biol
Phys 2002;52(1):6-13.

Miralbell R, Roberts SA, Zubizarreta E, Hendry JH. Dose-fractionation sensitivity of
prostate cancer deduced from radiotherapy outcomes of 5,969 patients in seven
international institutional datasets: alpha/beta = 1.4 (0.9-2.2) Gy. Int J Radiat
Oncol Biol Phys 2012;82(1):e17-24.

Di Franco R, Borzillo V, Scipilliti E, Ametrano G, Serra M, Arrichiello C, et al.
Reirradiation of locally recurrent prostate cancer with cyberknife((R)) system or
volumetric modulated arc therapy (VMAT) and IGRT-clarity((R)): outcomes,
toxicities and dosimetric evaluation. Cancers (Basel) 2022;14(13).

Ehret F, Hofmann T, Furweger C, Kufeld M, Staehler M, Muacevic A, et al. Single-
fraction prostate-specific membrane antigen positron emission tomography- and
multiparametric magnetic resonance imaging-guided stereotactic body
radiotherapy for prostate cancer local recurrences. BJU Int 2023;131(1):101-8.
Francolini G, Carnevale MG, Di Cataldo V, Loi M, Detti B, Orsatti C, et al.
Stereotactic reirradiation with Cyberknife(R) for locally recurrent prostate cancer,
long-term toxicity and clinical outcomes from a monocentric cohort. Radiol Med
2023.

Francolini G, Loi M, Di Cataldo V, Detti B, Stocchi G, Masi L, et al. Stereotactic Re-
irradiation in recurrent prostate cancer after previous postoperative or definitive
radiotherapy: long-term results after a median follow-up of 4 years. Clin Oncol (r
Coll Radiol) 2022;34(1):50-6.

Gruen A, Tegel K, Kluge A, Budach V, Zips D, Boehmer D. PSMA PET-based
stereotactic body radiotherapy for locally recurrent prostate cancer after definitive
first-line therapy. Prostate 2023;83(13):1298-305.

Jereczek-Fossa BA, Rojas DP, Zerini D, Fodor C, Viola A, Fanetti G, et al.
Reirradiation for isolated local recurrence of prostate cancer: Mono-institutional
series of 64 patients treated with salvage stereotactic body radiotherapy (SBRT). Br
J Radiol 2019;92(1094):20180494.

Ryg U, Seierstad T, Nilsen LB, Hellebust TP, Djupvik LH, Gustafson H, et al.

A prospective study of high dose-rate brachytherapy or stereotactic body
radiotherapy of intra-prostatic recurrence: toxicity and long term clinical outcome.
Front Oncol 2022;12:861127.

Fuller DB, Wurzer J, Shirazi R, Bridge SS, Law J, Mardirossian G. High-dose-rate
stereotactic body radiation therapy for postradiation therapy locally recurrent
prostatic carcinoma: Preliminary prostate-specific antigen response, disease-free
survival, and toxicity assessment. Pract Radiat Oncol 2015;5(6):e615-23.

Zerini D, Jereczek-Fossa BA, Ciabattoni A, Mirri A, Bertoni F, Fersino S, et al.
PROLAPSE: survey about local prostate cancer relapse salvage treatment with
external beam re-irradiation: results of the italian association of radiotherapy and
clinical oncology (AIRO). J Cancer Res Clin Oncol 2020;146(9):2311-7.

Munoz Munoz O, Gomis Selles E, Delgado Leon BD, Mateos Perez JC, Baeza
Trujillo M, Perucha Ortega M, et al. Reirradiation salvage radiotherapy for
recurrent prostate cancer after primary low-dose brachytherapy. Clin Transl Oncol
2023.

Pasquier D, Martinage G, Janoray G, Rojas DP, Zerini D, Goupy F, et al. Salvage
stereotactic body radiation therapy for local prostate cancer recurrence after
radiation therapy: a retrospective multicenter study of the GETUG. Int J Radiat
Oncol Biol Phys 2019;105(4):727-34.

Jereczek-Fossa BA, Marvaso G, Zaffaroni M, Gugliandolo SG, Zerini D, Corso F,
et al. Salvage stereotactic body radiotherapy (SBRT) for intraprostatic relapse after
prostate cancer radiotherapy: an ESTRO ACROP Delphi consensus. Cancer Treat
Rev 2021;98:102206.

Pasquier D, Le Deley MC, Tresch E, Cormier L, Duterque M, Nenan S, et al. GETUG-
AFU 31: a phase I/Il multicentre study evaluating the safety and efficacy of salvage
stereotactic radiation in patients with intraprostatic tumour recurrence after
external radiation therapy-study protocol. BMJ Open 2019;9(8):e026666.


http://refhub.elsevier.com/S2405-6308(24)00083-1/h0135
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0135
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0135
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0140
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0140
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0140
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0140
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0145
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0145
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0145
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0145
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0150
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0150
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0150
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0155
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0155
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0155
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0155
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0160
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0160
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0160
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0165
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0165
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0165
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0165
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0170
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0170
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0170
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0175
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0175
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0180
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0185
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0185
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0185
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0190
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0190
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0190
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0195
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0195
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0195
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0200
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0200
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0205
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0205
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0210
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0210
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0210
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0215
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0215
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0215
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0215
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0220
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0220
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0220
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0220
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0225
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0225
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0225
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0225
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0225
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0230
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0230
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0230
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0230
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0235
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0235
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0235
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0240
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0240
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0245
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0245
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0245
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0245
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0245
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0250
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0250
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0250
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0255
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0255
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0255
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0255
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0260
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0260
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0260
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0265
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0265
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0270
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0270
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0270
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0270
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0275
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0275
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0275
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0275
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0280
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0280
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0280
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0280
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0285
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0285
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0285
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0285
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0290
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0290
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0290
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0290
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0295
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0295
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0295
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0295
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0300
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0300
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0300
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0300
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0305
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0305
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0305
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0305
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0310
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0310
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0310
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0315
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0315
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0315
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0315
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0320
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0320
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0320
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0320
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0325
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0325
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0325
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0325
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0330
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0330
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0330
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0330
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0335
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0335
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0335
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0335
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0340
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0340
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0340
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0340
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0345
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0345
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0345
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0345
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0350
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0350
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0350
http://refhub.elsevier.com/S2405-6308(24)00083-1/h0350

	Re-irradiation to the prostate using stereotactic body radiotherapy (SBRT) after initial definitive radiotherapy – A system ...
	1 Introduction
	2 Materials and methods
	2.1 Study search and selection process
	2.2 Data extraction process
	2.3 Statistical analysis

	3 Result
	3.1 Selected studies
	3.2 Target volume and prescription dose
	3.3 Acute and late toxicities
	3.4 Meta-analysis of acute toxicity
	3.5 Meta-analysis of late toxicity
	3.6 Biochemical control
	3.7 Meta-analysis of biochemical control

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


