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Abstract: Purpose or Objective—The aim of the study is to evaluate the efficacy and safety of SBRT
on detectable prostate bed recurrence in RT-naïve prostate cancer patients. Materials and methods:
Eighty-six patients who underwent SBRT for macroscopic bed recurrence after prostatectomy were
retrospectively included. Patients were treated based on mpMRI or choline/PSMA PET. Results: The
median time to biochemical relapse (BCR) after RP was 46 months, with a median PSA at restaging of
1.04 ng/mL. Forty-six patients were staged with mpMRI and choline/PSMA PET, while ten and thirty
were treated based on PET and MRI only, respectively. Only one late G ≥ 2 GI toxicity was observed.
With a median BCR follow-up of 14 months, twenty-nine patients experienced a BCR with a median
PSA at recurrence of 1.66 ng/mL and a median survival free from the event of 40.1 months. The
median time to BCR was 17.9 months. Twenty-seven patients had clinical relapse (CR), with a median
CR follow-up of 16.27 months and a median time to CR of 23.0 months. Biochemical recurrence-free
survival at one and two years was 88% and 66%, respectively, while clinical recurrence-free survival
at one and two years was 92% and 82%, respectively. Regarding local relapses, seven were in the field
of treatment, while eight of them were outside the field of treatment. Conclusions: Data showed that
SBRT targeting only the macroscopic bed recurrence instead of the whole prostate bed is safe and
effective. Additional data and longer follow-ups will provide a clearer indication of the appropriate
treatment and staging methodology for these patients.

Keywords: SBRT; macroscopic prostate bed recurrence; mpMRI; PSMA-PET; salvage radiotherapy
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1. Introduction

Prostate cancer (PCa) represents the most common malignancy in men worldwide,
with the highest prevalence in developed countries [1]. Patients affected by clinically
localized PCa with an intermediate- and high-risk disease, according to the National Com-
prehensive Cancer Network (NCCN)’s prostate guidelines [2], can be considered eligible
for several local treatment modalities, including surgery, external-beam radiotherapy or
brachytherapy ±, and androgen deprivation therapy (ADT). Surgery by means of radical
prostatectomy (RP) represents one of the most widely used treatment options for localized
disease and is associated with excellent long-term outcomes [3]. Nonetheless, a large
number of patients receiving RP harbor aggressive disease [4,5] and surgery alone might
not provide adequate long-term oncological control. A multimodal approach that includes
adjuvant or salvage radiotherapy might be considered. Based on the RADICALS-RT,
GETUG-AFU-17, and RAVES trials [6–8], as well as the ARTISTIC meta-analysis [9], no
discernible differences in event-free survival related to a progression of PCa between adju-
vant and salvage radiotherapy have been observed. Based on these results and given the
potential short- and long-term side effects associated with adjuvant radiotherapy [10,11],
salvage and early-salvage approaches represent the preferred treatment choice for PCa
patients whose prostate-specific antigen (PSA) levels remain high after RP and for those
who develop biochemical recurrence (BCR) [12]. As a matter of fact, BCR rates after surgery
are about 30%, with a particularly high risk for patients with positive margins and poorly
differentiated disease [13], and their management with curative intent through salvage
radiotherapy [14–17] has appeared to be a highly effective treatment with progression-free
survival (PFS) after conventional salvage radiotherapy, without concomitant ADT, of 56%
at 5 years [18]. However, in 20–25% of these patients, the recurrence is located outside of
the clinical target volume (CTV) [19,20]. The advent of more advanced imaging techniques
such as magnetic resonance imaging (mpMRI) and positron emission tomography (PET)-
CT with choline or prostate-specific membrane antigen (PSMA) tracers has improved the
capacity for effectively detecting the location—whether local, nodal, or distant—of the
recurrence. This is of particular importance in helping clinicians to accurately determine
the topography of the lesion(s), allowing the delivery of high-dose radiation to eradicate the
local disease. Furthermore, recent literature has proposed that the outcome after conven-
tional salvage radiotherapy is potentially worse in patients with positive imaging detecting
macroscopic local recurrence at biochemical relapse [21], and the poor outcomes in this
subgroup of patients represent an unmet clinical need. In this setting, intensification of
local treatment with extremely hypofractionated regimens administered using stereotac-
tic techniques could significantly improve disease control [22,23]. In particular, mpMRI
has yielded excellent results in detecting local recurrences and in helping to define target
volumes in salvage treatments [24].

In this context, stereotactic body radiotherapy (SBRT) for macroscopic prostate re-
currence with image guidance may be used to improve the outcome in these patients,
with potential advantages in terms of reduced treatment volumes, normal tissue injury,
and lower overall treatment time. Despite being an important clinical scenario, still, no
consensus exists regarding dose-escalated radiotherapy for macroscopic recurrence in the
prostate bed [25]. The aim of the present study is to evaluate the efficacy and safety of SBRT
on detectable prostate bed recurrence in a cohort of RT-naïve patients while also evaluating
eventual factors associated with the risk of recurrence.

2. Patients and Methods
2.1. Inclusion Criteria

Records of men with a diagnosis of PCa who underwent SBRT for macroscopic bed
recurrence at the European Institute of Oncology (IEO) IRCCS, Milan, Italy, after radical
prostatectomy between December 2014 and June 2022 were retrospectively considered for
study inclusion. The inclusion criteria were as follows:

- BCR after previous radical prostatectomy (PSA threshold of 0.2 ng/mL);
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- No previous radiotherapy on the prostate bed;
- Isolated macroscopic recurrence in the prostate bed detected by mpMRI or PET (PSMA

or choline) after previous surgery;
- No regional or distant recurrence;
- Follow-up ≥ 2 months;
- Age > 18 years;
- Signed written informed consent;
- Any type of prior or concomitant hormone therapy was allowed.

The diagnosis of macroscopic local recurrence as determined by MRI or/and choline
or PSMA CT-PET was obtained after the diagnosis of BCR, in accordance with the criteria of
the European Association of Urology [26]. Concomitant ADT was allowed. For a recurring
lesion, no alternative local therapy was allowed. The analysis only included patients
who had a follow-up of at least two months. The ethical committee of the IEO in Milan,
Italy, accepted the study as a component of the retrospective research on prostate cancer
(notice no. UID 4220). Every patient provided permission for their anonymized data to be
used for teaching and research. Adverse occurrences, clinical results, and baseline patient
characteristics were gathered and documented.

2.2. Radiotherapy Treatment

The gross tumor volume (GTV) corresponded to macroscopic neoplastic tissue in the
prostate bed. Assuming that the CTV would be the GTV plus 2 mm, the planning target
volume (PTV) consisted of a volumetric expansion of the CTV by 3–5 mm (1–3 mm in the
posterior direction). The bladder was excluded from the tumor volume. The following
organs at risk were contoured: rectum, bladder, penis, penile bulb, testicles, femoral heads,
and bowel.

Patients were treated with SBRT with a total dose of 30–40 Gy in five fractions, cor-
responding to a BED of 150 Gy and 198.3 Gy (α/β = 1.5), respectively. No simultaneous
integrated boost was delivered.

Patients were treated with the VERO system (Vero, BrainLab AG, Feldkirchen, Ger-
many, and Mitsubishi Heavy Industries, Ltd., Tokyo, Japan).

2.3. Oncological Outcomes and Follow-Up

Regarding BCR, two different definitions were employed. For patients who received
SBRT only, BCR was defined as a PSA level increase of ≥10% when compared to the pre-
SBRT value [27]. For patients who received ADT, BCR was defined as a PSA level increase
of >0.2 ng/mL [13]. Every three months, patients underwent a clinical evaluation and a
PSA blood test. At each visit, toxicities related to the bladder, intestines, and rectal area
were noted. Toxicity data were gathered from the clinical records of patients and reported
using the Common Terminology Criteria for Adverse Events (CTCAE) score [28].

“In-field” local clinical recurrence was defined when at least a part of the new lesion
was part of the previous PTV, while it was defined as “out-field” when in the prostate lodge
territory not enclosed in the PTV in the first stereotactic treatment.

Clinical recurrence was defined as oligometastatic when a number of new metastases
(bone or lymph node) between 1 and 5 (inclusive) were identified at staging imaging after
systemic relapse.

Recurrence was identified as polymetastatic with the detection of >5 metastases at
staging imaging after systemic relapse.

2.4. Statistics and Data Analysis

Continuous variables were summarized as median and interquartile range (IQR),
while categorical variables were presented with absolute and relative frequencies. Survival
curves were constructed using the Kaplan–Meier method. The log-rank test was used to
compare the survival times between groups. The following oncological outcomes were
taken into account for the analysis: BCR-free survival (bRFS), which was defined as the
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time from the end of RT to BR or last contact at follow-up; and CR-free survival (cRFS),
which was defined as the end of RT to CR or last contact at follow-up. Univariate Cox
proportional hazard models were performed, and hazard ratios (HRs) with 95% confidence
intervals (CIs) were reported.

3. Results
3.1. Study Population

A total of 86 patients were included in the analysis. The characteristics of the primary
tumor are reported in Table 1. The median age at prostatectomy was 65 years. Some of
the patients analyzed in our series were also included in the earlier report of Francolini
et al. [13]. For the purpose of this study, their follow-up data have been updated.

Table 1. Summary of patients’ characteristics.

Primary tumor

n = 86 Median (IQR)
age at diagnosis 65 (61, 69)

PSA post OP (ng/mL) 0.03 (0.01, 0.08)
missing 2

n (%)
pT 2 40 (47%)

3 43 (49%)
4 1 (1.2%)
x 2 (2.3%)

pN 0 72 (84%)
1 10 (12%)
x 4 (4.7%)

cM 0 83 (97%)
X 3 (3.5%)

R R0 60 (70%)
R1 24 (28%)
X 2 (2.3%)

ISUP 1 = 3 + 3 11 (13%)
2 = 3 + 4 27 (31%)
3 = 4 + 3 29 (34%)
4 = 4 + 4 7 (8.1%)

5 = 4 + 5 or more 10 (11%+)

X 2 (2.3%)
PN Absent 64 (74%)

Present 20 (23%)
X 2 (2.3%)

Post-op ADT (HT) No 72 (84%)
HT 14 (16%)

The characteristics of prostate bed recurrence are shown in Table 2. Among the
86 patients, 76 underwent mpMRI, and 56 underwent PSMA/choline-PET (28 with choline
tracer and 28 with PSMA 68Ga) as staging imaging. The median time to biochemical relapse
(BR) after RP was 46 months (IQR 22–94), with a median PSA at restaging of 1.04 ng/mL
(IQR 0.45, 1.93). Forty-six patients (53%) were staged with both mpMRI and choline/PSMA
PET, while ten (12%) and thirty (35%) patients were treated based on PET or MRI only,
respectively. The median tumor volume (from MRI data available for 63 patients) was
369.07 mm3 (IQR 113.04–904.32).
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Table 2. Summary of patients’ characteristics at prostate bed relapse.

Bed recurrence

n = 86 Median (IQR)
Time from surgery to recurrence (months) 46 (22, 94)

Initial PSA (ng/mL) 1.04 (0.45, 1.93)
n (%)

Imaging Both MRI and PET 46 (53%)
MRI only 30 (35%)
PET only 10 (12%)

PET No 30 (35%)
Yes 56 (65%)

Tracer Choline 28 (50%)
PSMA 28 (50%)

MRI No 10 (12%)
Yes 76 (88%)

3.2. Treatment Characteristics and Toxicity

A summary of the main treatment characteristics and reported toxicities is shown in
Table 3. The median age at SBRT treatment was 71.3 years. The majority (91%) of patients
underwent a schedule of 35 Gy in 5 fractions (BED = 198.3 Gy). Concomitant hormonal
therapy was administered to twelve (14%) of the patients.

Table 3. Main treatment characteristics and reported toxicities.

n = 86 Median (IQR)
Age at treatment RT 71.3 (67.2, 74.2)

n (%)
Schedule BED 150 (6 Gy × 5 fr) 4 (4.7%)

BED 173.3 (6.5 Gy × 5 fr) 4 (4.7%)
BED 198.3 (7 Gy × 5 fr) 78 (91%)

Concomitant hormonal therapy Yes 12 (14%)
No 74 (86%)

Hormonal therapy type BICALUTAMIDE 150 mg 2 (16%)
LHRH analog 10 (84%)

n (%)
Acute GU toxicity 0 70 (81%)

1 15 (17%)
2 1 (1.2%)

Acute GI toxicity 0 76 (88%)
1 9 (10%)

Late GU toxicity 0 86 (100%)
Late GI toxicity 0 77 (89%)

1 8 (9.5%)
2 1 (1.2%)

Concerning acute toxicities, fifteen patients experienced Grade (G) 1 genitourinary
(GU) toxicities, while only one patient reported acute GU G2 toxicity. Nine patients had
acute G1 gastrointestinal (GI) toxicities. No G ≥ 3 GU/GI acute toxicities were reported. At
a median follow-up of 17.9 months (range 3.9–99.2 months), only one late G ≥ 2 GI toxicity
was observed.
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3.3. Oncological Outcomes

With a median BCR follow-up of 14 months (IQR 9.7–28.5 months), 29 (34%) patients
experienced a BCR with a median survival free from the event of 40.1 months (CI 25.2–NA
months). The median time to BCR was 17.9 months (range 5.3–69.1 months) and the median
PSA at recurrence was 1.66 ng/mL (IQR 0.79, 2.83).

Twenty-seven (26%) patients had CR with a median CR follow-up of 16.27 months
(IQR 9.9–28.9 months). The median time to CR was 23.0 months (range 6.0–69.3 months).
Four patients were lost at follow-up and were not considered for the Kaplan–Meier analysis.
Data on oncological outcomes are reported in Table 4.

Table 4. Data on oncological outcomes.

n = 29 Median (IQR)
Biochemical relapse

n = 29 (34%) PSA at recurrence 1.66 (0.79, 2.83)

n = 27 n (%)

Clinical relapse
n = 27 (26%)

Recurrence Type local 15 (54%)
IN FIELD 7 (50%)

OUTFIELD 8 (50%)
oligometastatic 9 (35%)

Polymetastatic (>5) 3 (12%)
Re-staging exam Choline-PET 5 (19%)

PSMA-PET 12 (46%)
Pelvic mpRMI 10 (36%)

Treatment at CR ADT 6 (24%)
ADT + RT 4 (16%)

RT 15 (56%)
Follow-up only 1 (4.0%)

n = 86 n (%)
Last FU (n = 86) AWD 26 (30%)

NED 55 (64%)
Missing 5 (5.8%)

Median (IQR)
Last PSA (ng/mL) 0.20 (0.06, 1.01)

PSA nadir (ng/mL) 0.16 (0.07, 0.49)
Missing 16

BCR-free survival (bRFS) at one and two years was 88% and 66%, respectively, while
CR-free survival (cRFS) at one year was 92% and at two years was 82% (Figure 1). Among
the twenty-seven patients who experienced CR, fifteen had a local relapse, nine had an
oligometastatic relapse, and three had polymetastatic relapse (>5 lesions). Regarding
patients with local relapse (n = 15), seven were in the field of treatment, while eight of
them were out-field. Interestingly, all six patients receiving 6 Gy/5 fx developed a local
recurrence, and five of them were in-field.

When investigating clinically relevant features associated with the risk of biochemical
and clinical recurrence, only PSA nadir was significantly associated with an increased risk
of BCR and CR (Figure 2).

At the last follow-up (data available for 81 patients), 26 (30%) patients were alive with
disease (AWD), while 55 (64%) were alive with no evidence of disease (NED). The median
PSA at the last FU was 0.20 ng/mL (IQR 0.06–1.01). The PSA trend for every 3 months of
follow-up is shown in Figure S1.
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Abbreviations: HR, hazard ratio; CI, confidence interval; ISUP, International Society of Urological
Pathology; HT, hormone therapy; PSA, prostate-specific antigen; BED, biologically effective dose;
PET, positron emission tomography; MRI, magnetic resonance imaging.

3.4. Secondary Analyses

CR-free survival by type of staging for the assessment of isolated relapse in the
prostatic bed is shown in Figures 3 and S2. No statistically significant differences were
found. No significant differences were found in the CR according to the PSA and tumor
volume at SBRT treatment (Figures 4 and 5).
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The difference in survival probability when stratifying patients according to BED
(198.3 Gy vs. 150 Gy) was statistically significant (p = 0.03) in favor of patients who received
a BED greater than 198.3 Gy (Supplementary Materials, Figure S3). No further statistically
significant differences were found when stratifying patients according to the Gleason score
(6–7 vs. 8–9) and adjuvant treatment on the primary (yes vs. no) (Supplementary Materials,
Figures S4 and S5).
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4. Discussion

The present work reports data on a cohort of 86 RT-naïve patients homogeneously
treated with image-guided SBRT for macroscopic relapse in the prostate bed. Our data
show that targeting macroscopic bed recurrence with SBRT is safe and effective, with
negligible toxicities and good rates of oncological control, with the bRFS at one and two
years being 88% and 66%, respectively. In our series, tumor control seems slightly lower
than that observed in the reports of salvage radiotherapy delivered to the whole prostate
bed with or without the pelvic lymph node area. A relatively high PSA level at the SBRT
for local recurrence (1.04 ng/mL) can at least partially explain this difference. Indeed,
the recent guidelines recommend early salvage radiotherapy at a PSA level of 0.1 ng/mL,
since a higher PSA level correlates with lower tumor control [9,26]. Moreover, according to
recent evidence from the randomized trials, the addition of ADT to salvage radiotherapy
is indicated if the PSA level is above 0.7 ng/mL [29,30]. In our series despite initial PSA
of 1.04 ng/mL, only 14% of patients received concomitant ADT. For these two features
(high PSA level and lack of ADT in the majority of patients), our results cannot be directly
compared to the standard salvage radiotherapy series. Instead, they can be compared to
the series of ablative SBRT in patients with any visible recurrence (nodal or local) [27,31].
Notably, when this strategy was compared to traditional salvage radiation in a propensity
score-matched analysis, the outcomes [32] did not reveal a statistically significant difference
in terms of biochemical relapse-free and progression-free survival. Interestingly, biochemi-
cal control was reported to be improved with dose-escalated salvage radiotherapy on the
prostate bed when compared with SBRT for macroscopic recurrence (HR = 2.15 [0.63–7.25],
p = 0.21).

Based on the reported results, we proposed a workflow to be used in everyday
clinical practice to treat patients with a macroscopic recurrence in the prostate bed after
previous surgery (Figure 6). In addition, our results allowed for the identification of the
main characteristics of the ideal patients to be offered SBRT for the macroscopic lesion in
the prostate bed (Figure 7). For these particular sets of patients, in case of biochemical
recurrence and macroscopic local target, we proposed a personalized treatment with
ablative SBRT, by analogy to similar scenarios when next-generation imaging demonstrates
oligorecurrence [31].
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Salvage radiotherapy for BCR is widely offered as a therapeutic approach and curative
treatment for PCa relapse after RP, but the correct approach for salvage radiotherapy is still
a matter of debate. In recent years, SBRT to the visible lesion has been considered an attrac-
tive alternative to conventional salvage radiotherapy in patients affected by macroscopic
prostate bed recurrence after RP [33]. This is of particular importance given the fact that the
occurrence of macroscopic recurrence is associated with poor response to standard salvage
radiotherapy and the whole prostate bed [19,21]. In addition, the wider implementation of
new imaging modalities such as mpMRI and PSMA PET for re-staging after RP allowed for
more precise detection of macroscopic evidence of tumor tissue within the prostate bed
even at low PSA values.

Counago et al. [24], in a retrospective analysis of 38 patients with BCR after RP, showed
that the combination of both MRI and 18FCH PET-CT gives a better local relapse detection
rate versus choline PET/CT alone. The inferiority of 18FCH-PET compared with 68GaPSMA-
11-PET was demonstrated for the imaging of recurrent PCa due to the excellent diagnostic
accuracy of the latter in this setting, especially at low PSA values [34]. PSMA-PET offers
high detection rates and has evolved rapidly to become the gold standard in the staging
of biochemically relapsed patients, detecting recurrences in 60–70% of patients with PSA
levels < 1 ng/mL [24,35,36].
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Meijer et al. [37] showed improved oncological outcomes for patients who received
pre-SRT PSMA PET/CT in biochemically recurrent prostate cancer; patients without PSMA
PET/CT had a biochemical progression rate of 21% after one year, compared to 8% with
pre-SBRT PSMA PET/CT. In a recent study by Tamburo et al., data on 33 patients with
recurrent PCa demonstrated that PSMA PET/CT-guided salvage RT can achieve good
oncological outcomes with a complete clinical response in 70% of the patients 1 year after
the treatment [38]. In addition, Emmet et al. [21] demonstrated the prognostic value of
PSMA PET/CT for the evaluation of the treatment response to SBRT in patients with BR.
In the same setting, mpMRI imaging with functional sequences allows early detection of
local recurrence and may also be a valuable correlative imaging modality for equivocal
PET findings [39]. Moreover, the false negative rates of PSMA PET/CT in prostatic ductal
adenocarcinoma should not be overlooked, which could result in inadequate clinical stag-
ing [40], and the integration of different imaging data could enable an overall improvement
in disease detection.

In addition, mpMRI provides a better anatomical delineation of recurrence for the CTV
delineation [41], and it allows the delivery of higher radiation doses. In another recent study
by Counago et al. [24], pelvic mpMRI was able to detect the location of the recurrence in
33% of patients in a cohort with a median PSA of 0.4 ng/mL. This finding is consistent with
the available literature, which reports detection rates for mpMRI ranging from 20 to 40% for
patients with low PSA values [42]. In the present study, no significant difference regarding
oncological outcomes was found regarding the imaging approach used for staging (PET vs.
MRI vs. both). Nevertheless, the underlying potential benefit of combining the advantage of
MRI in obtaining morpho-functional information and performing a better GTV delineation
and those of PET to detect nodal or distant recurrences should not be overlooked.

Currently, there is widespread support for dose escalation for traditional salvage
radiation therapy with the goal of bettering disease control [35,43]; although, there is
disagreement about how to appropriately treat macroscopic relapses found in the prostate
bed. In actuality, a consensus about the definition of the target volume and the ideal
salvage radiotherapy dose has not been adequately established because of differences in
methodology and dose constraints [17,26,44]. The prescribed treatment doses in studies
similar to the present study ranged between 30 and 35 Gy in five to six fractions [13,45–47]
with satisfactory results. However, it should be noted that in our study, patients treated
with lower BED (i.e., 6–6.5 Gy for five fractions) were more prone to develop a relapse in
general and an in-field recurrence in particular.

While dose-escalated conventional salvage radiotherapy was proposed in various
retrospective studies reporting BCR-free survival values between 44% and 89% and late
G3 toxicities ranging between 2% and 7% [26,43,48–52], currently, SBRT for macroscopic
relapse after prostatectomy is not considered a standard approach and is largely restricted
to clinical trials [33]. As a consequence, to date, few data are available with regard to
long-term outcomes after SBRT to the macroscopic recurrence post-surgery. SBRT has
been proposed as an alternative to conventional salvage radiotherapy only in one previous
multicentric retrospective series by Francolini et al. [13], where, in a cohort comparable to
ours in terms of numbers, an overall biochemical-free survival rate of 72% was reported
with an average follow up of 21.2 months and with no G > 2 adverse events registered.
With respect to the only study on this setting, the bRFS in our cohort (which included
some of the patients included in the study by Francolini et al. [13]) was comparable, with
a 20-month bRFS rate of 72% and only one G2 event. It is worth noting that patients
included in the study by Francolini et al. [13] presented with a median pre-SBRT PSA
level of 2.3 ng/mL higher when compared to our cohort (1.04 ng/mL). Additionally, two
prospective phase I studies testing SBRT to prostate bed showed that a dose escalation of
up to 35–45 Gy was feasible with a good toxicity profile [45,53]. In particular, a phase I
dosage escalation study by Ballas and colleagues [45] aimed to determine the maximum
tolerated dose for hypofractionation to the prostate bed. Three different dosage levels
were examined by the authors on a cohort of twenty-four patients who had undergone
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at least six months of follow-up: 54 Gy in 15 fractions, 47 Gy in 10 fractions, and 35.5 Gy
in 5 fractions. The findings reported no G ≥ 3 GI or GU toxicity at any dosage. In the
7.1 Gy × 5 fractions cohort, seven out of twelve patients exhibited G2 GI toxicity during
treatment, and one patient out of twelve showed an increase in G1 and G2 GU toxicity
in the two weeks following RT. Another dose-escalation experiment involving patients
with organ-confined, node-negative prostate cancer who experienced biochemical failure
following prostatectomy and had a PSA ≤ 2 ng/mL was published by Sampath et al. [53].
The dosage escalation regimen treated their group with 35 Gy, 40 Gy, and 45 Gy in five
fractions every other day. Following the inclusion of 26 patients, the median follow-up for
the cohorts receiving 35, 40, and 45 Gy was 60, 48, and 33 months, respectively. The findings
showed that no acute dose-limiting toxicity events were seen, but 11% and 0% of patients,
respectively, had late G ≥ 2 and ≥ 3 GI toxicity, while 38% and 15% of patients reported
late grade ≥ 2 and ≥3 GU toxicity. It is noteworthy that there was no increase in late GU
toxicity when comparing the 45 Gy group to the 40 Gy cohort, and 42% was the crude rate
of full biochemical response. Larger target volumes may have a negative impact on the rate
of adverse events in those Phase I trials, making a comparison between these two studies
and the current study challenging because they both included all prostate beds within the
treatment volume and only included patients affected by biochemical recurrence.

As demonstrated by a multicentric retrospective experience published in 2022, the
SPIDER 01 study [54], therapy intensification of some kind seems to be effective for these
individuals despite the considerable variability of treatment options offered. The authors of
this study gathered information on 363 patients who were treated at 16 centers throughout
Europe for biochemical recurrence and macroscopic relapse in the prostate bed, as con-
firmed by functional MRI. Based on the type of treatment administered, patients treated
between January 2000 and December 2019 were split into four groups: no dose escalation,
dose escalation on macroscopic recurrence, dose escalation on the prostate bed, and dose es-
calation on both the prostate bed and macroscopic recurrence. Notably, the results indicated
that all groups with any dose escalation > 72 Gy had a five-year progression-free survival
benefit (72.8% vs. 60.3%, p = 0.03). This suggests that when macroscopic relapse is detected
inside the prostate bed, functional imaging integration in the salvage treatment approach is
effective, and that dose escalation had a significant effect on progression-free survival.

Thus, treatment intensification for patients with macroscopic prostate bed recurrence
appears justified, but the correct approach is still to be defined. Possibly the results of some
of the ongoing trials will shed light on the matter.

The ongoing STARR trial enrolls patients treated with RP for localized prostate cancer
and affected by macroscopic recurrence within the prostate bed detected by choline- or
PSMA-PET and confirmed by mpMRI. The early results of the trial on 25 patients showed
encouraging results with regard to biochemical control, with biochemical response detected
at 3 months in 84.3% of the patients [55], but a larger cohort and a longer follow-up
will provide clearer indications. The currently ongoing POPART trial (NCT04831970),
a multicentric prospective observational trial, enrolls patients with biochemical and/or
clinical relapse following RP with the main aim of investigating the feasibility of ultra-
hypofractionated radiotherapy to the prostate bed in this set of patients. The preliminary
reports on toxicity and quality of life are promising, without an increase in short-term
toxicity or a significant decline in quality of life, and warrant long-term data to confirm
the feasibility of this treatment strategy. Finally, to compare the toxicity rates of the two
approaches, a further ongoing prospective trial (SHORTER, NCT04422132) is currently
enrolling patients who have been randomly assigned to receive either SBRT (32.5 Gy in
5 fractions) or moderate hypofractionation (55 Gy in 20 fractions) to the prostate bed
± pelvic nodes. The present study is not exempt from limitations. First and foremost,
the retrospective nature of the analysis and the relatively limited follow-up duration.
Nevertheless, it is the second-largest study on this setting with a homogeneous and well-
selected real-world study cohort.
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5. Conclusions

To conclude, considering the favorable therapeutic ratio of this approach reported
in the literature [13,32] and in the present study, SBRT for the visible lesion should be
considered an attractive alternative to conventional and dose-escalated salvage radiother-
apy for the prostate bed in patients affected by macroscopic prostate bed recurrence after
RP [33]. To ulteriorly improve the oncological outcomes, given the encouraging toxicity
results for dose-escalation on the entire prostate bed, a future perspective might be to treat
the entire lodge with SBRT, with a boost on the macroscopic lesions. More robust data
from randomized controlled trials will hopefully provide clearer indications regarding the
most appropriate techniques, dose constraints, strategies for target volume definition, and
patient selection.
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clinical recurrence-free survival according to BED (198.3 Gy vs. 150 Gy); Figure S4. Kaplan-Meier
curves for clinical recurrence-free survival according to GS; Figure S5. Kaplan-Meier curves for
clinical recurrence-free survival according to concomitant ADT administration (ADT yes vs. no).
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AWD Alive with disease
BCR Biochemical Recurrence
BED Biologically Effective Dose
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cRFS Clinical Relapse-free Survival
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CTV clinical target volume
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NCCN National Comprehensive Cancer Network
NED Not evidence of disease
OS Overall Survival
PCa Prostate Cancer
PET Positron Emission Tomography
PFS Progression-free Survival
PSMA Prostate-specific Membrane Antigen
RP radical prostatectomy
SBRT Stereotactic Body Radiation Therapy
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