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Simple Summary: Stereotactic body radiotherapy, a type of high-precision radiotherapy delivering
high doses within few treatment sessions has proven to be effective and well tolerated in prostate
cancer patients treated with definite radiotherapy. This systematic review summarizes the available
data and analyzes whether this modern treatment may routinely be offered to prostate cancer patients
after radical prostatectomy.

Abstract: (1) Background: Prostate cancer is the most common cancer in men and can be treated
with radical prostatectomy (RPE) or radiotherapy in the primary setting. Stereotactic radiotherapy
(SBRT) has proven to be effective and well tolerated in this setting. However, if SBRT is an equally
promising treatment option if applied in the adjuvant or salvage setting after RPE remains unknown.
(2) Methods: We searched the PubMed and Embase databases with the following full-text queries
in August 2021 for any combination of the terms “SBRT”, “prostate”, “adjuvant”, “postoperative”,
“salvage”, “stereotactic radiotherapy”, “prostate bed”. There were no limitations regarding pub-
lication date or language. We adhered to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) recommendations. (3) Results: We identified 11 individual studies
that were included in this systematic review. Three publications included patients without prior
radiotherapy and the remaining eight patients with prior radiotherapy. In all but two publications
the radiation target was the macroscopic recurrence. SBRT was overall well tolerated with acceptable
rates of acute and late gastrointestinal or genitourinary toxicity. Quality of life was published for two
phase I trials with good results. There was a very heterogeneous reporting on biochemical control
after SBRT. (4) Conclusions: At this point, ultra-hypofractionated RT using SBRT to the prostate bed
remains experimental and its use should be restricted to clinical trials. Given the biological rationale
for extreme hypofractionation in patients with prostate cancer and the acceptable toxicity rates that
have been reported, further exploration of this field is warranted.
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1. Introduction

In patients with prostate cancer, both radical prostatectomy (RP) and radiation therapy
(RT) are possible local treatment options in case of localized disease [1].

After any local therapy, 30–60% of patients will develop recurrent disease [2,3]. Several
large randomized controlled trials have shown a benefit of adjuvant RT in patients with a
high risk of local recurrence after RP, e.g., pT3 disease or positive resection margins [4–8]. In
the era of high sensitivity prostate-specific antigen (PSA) and prostate-specific membrane
antigen (PSMA) positron emission tomography-computed tomography (PET/CT), there
has been additional evidence suggesting a similar oncological outcome if patients are
treated with early salvage RT in case of a rising PSA after RP instead of adjuvant RT [9–12].
However, the above-mentioned studies as well as the studies including patients receiving
salvage RT in case of a macroscopic tumor recurrence in the prostate bed were done with
conventionally fractionated RT, usually in 2 Gy per fraction [4–12].

In the setting of curative treatment for localized prostate cancer, use of ultra-hypofracti-
onated RT delivered by stereotactic body radiotherapy (SBRT) has been established as a
treatment option in patients with low- or intermediate-risk. There is published data with a
reasonable follow-up (FU) showing excellent biochemical control with low rates of high-
grade toxicity [13–20]. In addition, data on SBRT in high-risk patients are emerging with
several large trials showing encouraging results [18,21–26].

The rationale for using SBRT in patients with prostate cancer is the low α/β value of
about 1.5 Gy [27,28]. The organs at risk in close proximity to the prostate like the bladder,
rectum or urethra for instance have a higher α/β value of 3–6 [29–32]. Therefore, using
a larger fraction dose is expected to improve the therapeutic ratio and consequently the
probability of tumor control.

However, data on ultra-hypofractionated adjuvant or salvage RT using SBRT to the
prostate bed are scarce including small phase I or retrospective studies. Potential severe
acute and late toxicities are of major concern applying extreme hypofractionation in this
area, especially concerning the vesicourethral anastomosis (VUA).

Data on moderate hypofractionation in the setting of postoperative RT with a fraction
dose of up to 3 Gy per fraction does not seem to support this concern, given the low toxicity
rates that were reported in several analyses [10,33–45].

We, therefore, conducted this systematic review to elaborate on the question of toxicity
and oncological outcome after SBRT to the prostate bed.

2. Materials and Methods
2.1. Study Search and Selection Process

This systematic review was developed using the PICO criteria (Population, Interven-
tion, Control, Outcome) [46,47]. The population was defined as patients with prostate
cancer after RP. The intervention was defined as SBRT to either the entire prostate bed or a
macroscopic tumor recurrence in the prostate bed. The control was defined as historical
controls from published phase II/III studies. The outcome was defined as the following:
(a) rate of acute and late toxicities after SBRT and (b) biochemical control after SBRT.

This analysis was done in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) recommendations [48]. This study was
registered in the International Prospective Register (Research Registry; registration number
reviewregistry1285). We searched the PubMed and Embase databases with the following
full-text queries in August 2021: “SBRT” AND “prostate” AND “adjuvant”, “SBRT” AND
“prostate” AND “postoperative”, “SBRT” AND “prostate” AND “salvage”, “stereotac-
tic radiotherapy” AND “prostate” AND “adjuvant”, “stereotactic radiotherapy” AND
“prostate” AND “postoperative”, “stereotactic radiotherapy” AND “prostate” AND “sal-
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vage”, “stereotactic radiotherapy” AND “prostate bed”, “SBRT” AND “prostate bed”.
There were no limitations regarding publication date or language.

All initially identified records were copied to an Excel sheet (Microsoft Cooperation,
Redmond, WA, USA), which was used to automatically identify and remove duplicates.
Out of the initially identified records, only full text articles in English reporting primary
data were included in the further process. For review articles, opinions, etc., the references
were checked to identify any further records that had not been identified yet. For cross
reference, also terms like “extreme hypofractionation” or “ultra-hypofractionation” were
considered. As the next step, only papers reporting data on adjuvant or salvage SBRT in
prostate cancer patients and/or SBRT to the prostate bed were selected. Prior irradiation
was not an exclusion criterion. To identify the final papers included in this analysis, papers
without independent reporting of the outcome in patients with SBRT in/to the prostate
bed 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 (HT).

For the section on currently ongoing trials, a search including the above-mentioned
terms was conducted on clinicaltrials.gov (last search: 7 September 2021), and currently
registered studies regarding adjuvant or salvage SBRT in prostate cancer patients and/or
SBRT to the prostate bed were selected.

2.2. Data Extraction Process

The following data were extracted from the included manuscripts: first author, year of
publication, journal, study design (retrospective, retrospective analysis of a prospectively
collected database, prospective), study period, number of patients included, radiation
treatment technique, total radiation treatment dose, target of treatment (entire prostate bed
vs. macroscopic recurrence in the prostate bed), number of patients receiving androgen
deprivation therapy (ADT) at the time of SBRT, dose of previous RT, time between first
RT and SBRT, median FU, 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 applied dose constraints to
organs at risk (OAR), data on target delineation and the use of markers for SBRT. The
data were extracted by two independent co-authors (CS and PW) and reviewed by a third
co-author (RF).

3. Results
3.1. Selected Studies

We identified a total of 1596 studies from the initial database search. From this initial
set of records, 964 duplicates were removed. From the resulting 632 records, 398 records
were removed due to no available full text, no record in English language or no recording
of primary data. Of the remaining 234 records used for screening, 16 papers included
data on patients treated with SBRT of/in the prostate bed while 218 papers were removed
during this step. Of the 16 papers, 5 papers that included both patients with and without
RP which did not report the results of prostate bed SBRT separately (at least toxicity or
oncological outcome) were excluded, resulting in 11 publications included in this systematic
review [49–59]. Two studies were included because of relevant information, although the
patients from the respective cohorts were likely, at least in part, included in repeated
reports or pooled analyses [55,59]. Figure 1 shows the consort diagram of the study
selection process. Among the 11 selected papers, 2 studies were prospective phase I trials,
2 were retrospective analyses based on prospectively collected data, 1 was a case report,
and 6 were retrospective analyses. Three publications included patients without prior
RT, the remaining eight included patients with prior RT to the prostate or prostate bed.
Tables 1 and 2 show an overview of the included publications and further information is
presented in the supplementary Table S1.

clinicaltrials.gov
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The quality of the included studies was generally low, as only two studies were
prospective studies. However, these two studies were phase I studies [50,57]. The level
of evidence of the included studies was consequently low with the two phase I studies
being level 3 [50,57] and the remaining studies being level 4 [51–56,58,59] or level 5 [49]
according to the Oxford 2011 levels of evidence [60].

3.2. Target Volume and Prescription Dose

Among the 11 publications, 2 were studies in which the entire prostate fossa was irra-
diated with SBRT in the adjuvant or salvage setting [50,57]. Both these studies were phase I
trials. Ballas et al. tested three dose levels (DL) 15 × 3.6 Gy, 10 × 4.7 Gy, and 5 × 7.1 Gy in
patients receiving RT on consecutive days [50]. In this study, patients after RP of any kind
were included if they had pT3a/pT3b disease or T2 disease with positive surgical margins
or a rising post-RP PSA level. Neoadjuvant or concurrent hormonal therapy was allowed at
the discretion of the treating physician. Patients with nodal involvement and pre-irradiated
patients, and patients with gross residual disease, neoadjuvant or adjuvant chemotherapy
or inflammatory bowel disease were excluded. Sampath et al. did a dose escalation trial
with three DL of 5 × 7 Gy, 5 × 8 Gy, and 5 × 9 Gy with patients being treated on alternate
days [57]. They included patients after RP for localized prostate cancer that had either a
rising PSA (up to a PSA value of 2 ng/mL), pT3a/pT3b disease or positive margins. The
trial excluded node positive patients. In case of SBRT of a macroscopic recurrence in the
prostate bed, patients were treated with a variety of treatment schedules. The majority
of patients were treated with five to six fractions with a fraction dose of 5 to 6 Gy on
alternating days [52,55,56,58]. Notably, the majority of patients receiving this fractionation
schedule were re-irradiated. Patients without prior irradiation were either treated within
the dose escalation phase I trials [50,57] or received 5 × 7 Gy–8 Gy (85.6% of patients in the
data published by Francolini et al. [53]).
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Table 1. Overview of trials including patients with salvage or adjuvant prostate bed SBRT without prior radiotherapy (n = 3).

Trial Year of
Publication Years of RT Target Number of

Patients Included Type of Trial RT Technique Radiotherapy
Dose Median FU Dose Previous RT Time between RT

Ballas et al. [50] 2019 2015–2018 Prostate bed 24 Prospective (Phase 1) IMRT or VMAT

15 × 3.6 Gy

14.1 months n.a. n.a.10 × 4.7 Gy
5 × 7.1 Gy

Consecutive days

Sampath et al. [57] 2020 2013–2017 Prostate bed 26 Prospective (Phase 1) VMAT

5 × 7 Gy

40 months n.a. n.a.5 × 8 Gy
5 × 9 Gy

Alternating days

Francolini et al. [53] 2020 2013–2018 Macroscopic
recurrence 90 Retrospective Cyber-knife or IMRT 5 × 6 Gy–9 Gy

(78% 5 × 7 Gy) 21.1 months (mean) n.a. n.a.

Table 2. Overview of trials including patients with salvage prostate or prostate bed SBRT with prior radiotherapy (data below for included patients with prostate
bed RT) (n = 8).

Trial Year of
Publication Years of RT Target Number of

Patients Included Type of Trial RT Technique Radiotherapy Dose Median FU Dose Previous RT (Median) Time between RT

Detti et al. [52] 2016 2011–2013 Macroscopic
recurrence 16

retrospective analysis of
prospectively collected data Cyberknife

5 × 6 Gy (@80% IDL) for re-RT
10 months

Median 66 Gy
(range 64 Gy–70 Gy)

mean 9.6 years
(2.9–20.4 years)5 × 7 Gy (@80% IDL) for RT-naïve

Alternating days

Olivier et al. [56] 2019 2011–2017 Macroscopic
recurrence 12 retrospective Cyberknife

6 × 6 Gy
(@80% IDL) 34.2 months

66 Gy (11 pts) median 77.6 months
(range 21.4–160.8 months)

Alternating days 72 Gy (1 pt)

Caroli et al. [51] 2020 2016–2018 Not reported 38
retrospective analysis of

prospectively collected data not reported 3 × 6 Gy
27 months not reported not reported

(IQR 18–21 Gy)

Arcangeli et al. [49] 2015
not reported

presumed 2014
Macroscopic
recurrence 1 case report Tomotherapy 5 × 6 Gy

6 months 66 Gy Appr. 4 years
Consecutive days

Scher et al. [58] 2019 2014–2017 Macroscopic
recurrence 9 (42, 21.4%) retrospective Cyberknife 6 × 6 Gy

Alternating days 17 months 68 Gy (65–70 Gy) 128 months
(54–207 months)

Jereczek-Fossa et al. [55] 2018 2009–2016 Macroscopic
recurrence

19 (64, 29.7%) retrospective Cyberknife, Rapid Arc,
Vero

5 × 5–6 Gy
(median 25 Gy/5 Fx) 26.1 months 70 Gy (45–77.4 Gy) 93.9 months

(27.9–183.3 months)Alternating days

Zerini et al. [59] 2015 2008–2013 Macroscopic
recurrence

10 (32, 31.3%) retrospective
3D CRT

(conformal dynamic arc),
RA, Vero, Cyberknife

15–25 Gy/3–5 Fx 21.3 months
(all patients)

73 Gy (60–83 Gy)
all patients not reported(median 25 Gy/5 Fx)

Alternating days (?)

Janoray et al. [54] 2016 2011–2014 Macroscopic
recurrence 10 (21, 48%) retrospective Cyberknife 5 × 7.25 Gy (@80% IDL)

Alternating or consecutive days
11.7 months
(all patients)

median 70 Gy
(45–76 Gy) 98.03 months
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The target volume definition differed between the studies. The gross tumor volume
(GTV) was defined on the planning CT with the help of magnetic resonance imaging
(MRI) or PET/CT, if applicable [49,50,52–59]. In some studies, a small clinical target
volume (CTV) margin of 1–2 mm was added [53–55,58]. Depending on the treatment
modality (e.g., Cyberknife®, Linac-based intensity-modulated radiotherapy (IMRT)/
volumetric arc therapy (VMAT)), imaging protocol and the use of fiducial markers, an
additional planning target volume (PTV) margin of 1–7 mm was added [49,50,52–59].
The details of the target delineation and the use of fiducial markers are summarized in
Table S2 in the Supplementary Material.

3.3. Applied Dose Constraints

Of the 11 publications, details of the dose constraints used were published for 10 of
them [49,50,52–59]. All ten reported one or more constraints for the rectum, either as a
whole organ or for different parts (e.g., anterior rectal wall) separately. The constraints for
the bladder were reported in nine studies [50,52–59]. Further, commonly used dose con-
straints were applied for the urethra (four studies) [49,52,53,57], femoral heads (three stud-
ies) [52–54], bowel (two studies) [50,53], and penile bulb (two studies) [52,53]. A summary
of the reported dose constraints can be found in Table S3 in the Supplementary Material.

3.4. Acute and Late Toxicities

The definition of treatment related toxicity was commonly done according to the
common terminology criteria for adverse events (CTCAE). The time interval for acute
toxicity differed slightly between the included publications. The most common definition
for acute toxicity is within 90 days/3 months. This definition with a slight range of
12 weeks to 4 months was used in five publications [50,52,56–58]. One publication used
a cutoff of 6 months [55] and the remaining five did not specify but presumably used
3 months [49,51,53,54,59]. This slight difference in definition should be considered when
interpreting the reported toxicity rates.

3.4.1. Patients without Prior Radiotherapy

The overall reported rate of ≥G2 acute or late gastrointestinal (GI) and genitourinary
(GU) toxicity was acceptable. Ballas et al. reported acute G2 GI toxicity in 50% of patients
with only 4.2% of patients having G2 GI late toxicity [50]. The rate of acute G2 toxicity
reported by Sampath et al. was lower (19.2%) but with a slightly higher rate of late G2
toxicity (11.5%) [57]. Retrospective data by Francolini et al. showed overall lower rates with
1.1% of patients having acute and late G2 toxicity, respectively [53]. No ≥ G3 GI toxicity
was observed.

Acute G2 GU toxicity was only reported by Ballas et al. (16.7%) with no patient
having ≥G3 acute GU toxicity [50]. Francolini et al. reported a rate of 2.2% of patients
having late G2 GU toxicity, whereas Sampath et al. even reported a rate of 38.5% late ≥ G2
toxicity, including 15.4% of patients having a late G3 toxicity [53,57]. This was a dose
escalation study. When looking at the reported toxicity for the three dose levels separately,
23.1% of late ≥ G2 toxicity occurred in patients treated with 5 × 9 Gy and 13.0% in patients
treated with 5 × 8 Gy. Only 2.4% (1 patient) treated with 5 × 7 Gy developed a ≥G2 late
GU toxicity.

3.4.2. Patients with Prior Radiotherapy

The overall rate of acute and late ≥ G2 GI toxicities was very low with only three
studies reporting any G2 toxicity. Acute G2 GI toxicity was reported by Olivier et al. (8.3%)
and Zerini et al. (10.0%), whereas late G2 GI toxicity was described by Jereczek-Fossa et al.
(5.3%) [55,56,59]. The rate of acute GU toxicity was reasonable with only three studies
describing any ≥ G2 GU toxicity in 5.3–33.3% of patients [52,55,58]. Late ≥ G2 GU toxicity
was described in only three studies with a range of 11.1–26.3% [55,56,58]. No ≥ G3 acute
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or late GU or GI toxicities were reported. Notably, these studies had a maximum median
follow up of 34.2 months.

A summary of the reported rates of acute and late ≥ G2 toxicities in patients with or
without prior radiotherapy is shown in Figures 2 and 3.
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3.5. Quality of Life

Quality of life was reported in the two phase I trials by Ballas et al. and Sampath et al.
using common questionnaires like the International Prostate Symptom Score (IPSS), the
Expanded Prostate Cancer Index Composite (EPIC-26), the Sexual Health Inventory for
Men (SHIM) and the Merrick rectal function scores [50,57,61–65].

Overall IPSS was reported in both studies. Sampath et al. showed no significant change
up to 24 months after treatment, Ballas et al. reported a worse IPSS in three patients from
week 10 [50,57]. Generally, Sampath et al. reported very good QoL after treatment with
stable values for erectile dysfunction (SHIM) and rectal QoL (Merrick rectal function score)
at 24 months. Incontinence (IPSS) was worse in 14 of the initially continent patients [57].
Ballas et al. defined a minimal important difference (MID) of what difference in QoL scores
is considered clinically relevant. Using the subdomains of the EPIC-26, 10 patients had
worsened GI scores that met the pre-defined MID and 8 patients had incontinence scores
that met MID [50].

3.6. Biochemical Control

Data on biochemical control was reported in ten publications, one of which did not
report data on patients treated on the prostate bed separately [49–58].
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Only two papers reported the 1-year and 2-year biochemical recurrence-free sur-
vival (bRFS) rates after SBRT, both for macroscopic recurrences after RP and external
beam radiotherapy (EBRT). Olivier et al. reported 1-year and 2-year bRFS of 79 and
56% (12 patients included), respectively [56]. Janoray et al. reported a similar 1-year bRFS
of 80% (10 patients) [54]. A median bRFS was only reported in two studies, 24.3 months by
Francolini et al. in patients without prior radiotherapy and 15 months by Caroli et al. in
patients with prior radiotherapy [51,53].

Biochemical response rates were reported in five studies including patients with or
without prior radiotherapy with varying definition of “complete response” and time of
reporting [51–53,57,58]. Four studies defined complete response as PSA below 0.2 ng/mL
and one study as a >50% PSA reduction. Table 3 shows a summary of the complete
response rates.

Table 3. Summary of the complete response rates.

Study Complete Response Defined as
PSA < 0.2 ng/mL

Complete Response Defined as
>50% PSA Reduction

Studies including patients without prior radiotherapy
Sampath et al. [57] 42% (overall)

Francolini et al. [53] 43.3% (overall after SBRT)
40% (at last follow-up)
Studies including patients with prior radiotherapy

Caroli et al. [51] 16.3% (at 6 months)
Detti et al. [52] 25% (overall)
Scher et al. [58] 83% (at last follow-up)
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Patterns of failure were reported in six studies with a different approach regarding
the reporting of in-field/local or out-of-field/distant failure [52–56,58]. Table 4 shows an
overview of the reported patterns of failure.

Table 4. Overview of the reported patterns of failure.

Study In Field/Local Locoregional/Distant Biochemical Only In Flied/Local and out
of Field

Studies including patients without prior radiotherapy
Francolini [53] 2.2% (local) 12.2% (locoregional and distant) 13.3%

Studies including patients with prior radiotherapy
Detti [52] 0 44% (distant)
Scher [58] 11.1% (lymph nodes) 11.1%

Jereczek-Fossa [55] 36% (in field) 21% (distant)
14% 21%7% (locoregional and distant)

Janoray [54] 10% (locoregional and distant)
Olivier [56] 16.7% local (1 outfield, 1 margin) 16.7% (distant) 16.7% (locally outfield)

Nine of the eleven publications included patients who received ADT at the time of
SBRT treatment. However, given the small number of patients, the large heterogeneity and
the inconsistent reporting of clinical data and outcome, a meaningful description of the
impact of ADT is not possible.

3.7. Outlook on Currently Active Studies

A search of clinicaltrials.gov (accessed on 7 September 2021) as described in Section 2.1
revealed six studies including prostate bed SBRT that are currently registered. Among
those, four studies are active and recruiting patients. In most of these studies, the pri-
mary endpoint is toxicity. Other primary endpoints include the maximum tolerated dose,
feasibility and bRFS. All of these studies are phase I–II studies with a planned accrual of
28–102 patients. Five of these studies only include patients without prior RT, while one
study includes previously irradiated patients. An overview of the currently active studies
can be found in Table S4 in the Supplementary Material.

4. Discussion

A variety of prescription doses, target delineation concepts and RT techniques were
used in the different analyses. Only in two studies, SBRT was given to the entire prostate
bed. In all other studies, only the macroscopic recurrence in the prostate fossa was irradi-
ated. Moreover, the prescribed treatment doses also differed between the studies, although
the majority of patients was treated with 30–35 Gy in five to six fractions [49,50,52,53,55–58].

A major concern regarding SBRT after RP is radiation-induced toxicity. Even nor-
mofractionated adjuvant RT after RP is associated with significant rates of acute and late
toxicities [4,5,8,66]. In the EORTC 22911 study, for instance, the highest individual acute
toxicity rates of 17.3% and 17.7% G2 GU and GI toxicity were reported with ≥G3 GU
and GI toxicity rates of 3.3% and 5.3% [4,5]. For late ≥ G2 GU toxicity, rates from 5% to
21.3% were reported [4,5,8,66]. The reported range of late ≥ G2 GI toxicity was generally
lower in the range of 1–2.5% [4,5,8]. For patients treated with early salvage RT, the GI
and GU toxicity rates were significantly lower than for adjuvant RT [9–11]. Sargos et al.
reported late GI and GU G1-2 toxicity rates of 41% and 67% for immediate adjuvant RT
and 20% and 28% for early salvage RT [11].

Data on adjuvant or salvage RT to the prostate bed using moderate hypofractionation
showed similar toxicity rates with acute ≥ G2 GI toxicity rates ranging from 0–32.6% and
≥G2 GU toxicity rates ranging from 0–36% [33,36–38,40–42]. For late ≥ G2 GI and GU
toxicity those values were 0–8% and 6.6–15% [33,36,40].

The impact of moderate hypofractionation in direct comparison to normofractionation
in the case of adjuvant or salvage RT remains unclear. Cozzani et al. published retrospective
data of patients treated in either the adjuvant or salvage setting showing an increase in acute
and late GU toxicity for moderate hypofractionation [34]. However, Massaccesi et al. pub-
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lished data from a phase II trial including patients being treated in a similar setting showing
similar rates of GI toxicity and an increased rate of G2 GU toxicity for the patients in the con-
ventionally fractionated group [42]. Toxicity and quality of life data from the randomized,
phase III NRG GU003 trial was recently published as an abstract showing non-inferiority
on moderate hypofractionated radiotherapy (62.5 Gy with 2.5 Gy/fraction) compared to
normofractionated radiotherapy (66.6 Gy with 1.8 Gy/fraction) with regards to late patient
reported GU or GI toxicity [44]. The full publication of this data is eagerly awaited.

The rates of acute and late toxicities after prostate bed SBRT reported in the publi-
cations included in this systematic review were generally within the above-mentioned
ranges. The rate of acute ≥ G2 GI and GU toxicities range 0–50% and 0–33.3% and for
late ≥ G2 GI and GU toxicities range 0–11.5% and 0–38.5%, respectively [49–53,55–59]. The
highest ≥ G2 GU toxicity rate of 38.5% was reported in the phase I dose escalation trial
by Sampah et al. with the majority of ≥G2 GU toxicity (36.1%) occurring in the 5 × 8 and
5 × 9 Gy treatment arms [57].

There is not enough conclusive data to do a comprehensive comparison of patients
treated with or without prior radiotherapy separately. Only three studies reported data of
patients treated without prior radiotherapy, two of which treated the whole prostate bed
and one treated the macroscopic recurrence only. The median reported toxicity in patients
treated without prior radiotherapy seems higher when looking at the Figures 2 and 3,
which might be partially explained by the treatment of the whole prostate bed in the studies
by Ballas et al. and Sampath et al. [50,57]. However, a factor to consider in this context is
the prospective nature of these studies as compared to the others, which are retrospective
analyses. Both prospective studies had a comprehensive follow up schedule which reduced
the risk of underreporting of toxicity.

Additionally, these studies were the only ones reporting quality of life. They showed
an overall good outcome regarding IPSS and sexual function. A decline in GU QoL with
regards to incontinence was seen in both trials [50,57]. Sampath et al. also reported
unchanged rectal function at 24 months [57]. However, Ballas et al. saw a decline of
the EPIC GI scores that met the threshold for MID in more than 40% of patients. This
data was assessed 10 weeks after treatment, so further changes can be expected with
longer follow-up [50].

Regarding the oncological outcome after SBRT, a comprehensive comparison of the
biochemical outcome remains difficult, due to the overall short median follow-up of the
included studies on prostate bed SBRT (range 6 months–40 months). Still, the reported data
seems encouraging for further studies on this topic.

Eight studies analyzed in this systematic review included patients who had undergone
extensive treatment with RP, RT and ADT, if applicable. Therefore, it is not surprising that
these patients showed a worse biochemical outcome after SBRT to a macroscopic recurrence.
Corresponding high rates of distant failure were reported in these studies, ranging from
11.1% to 44% [52,53,56,58].

Oncological outcome data in patients without prior radiotherapy was published by
Sampath et al. and Francolini et al. [53,57]. Using a PSA cutoff of <0.2 ng/mL, both reported
biochemical control rates of around 40% with a median bRFS of 24.3 months reported by
Francolini et al., which seems rather disappointing in comparison to other data on salvage
RT only with a 5-year bRFS of around 50% [3]. Randomized trials including patients in the
adjuvant or early salvage setting and using a normofractionated treatment regimen report
even better 5-year bRFS rates of 72–89% [8–10]. However, the patients included in the
analysis by Francolini et al. had macroscopic recurrence and a median PSA before salvage
treatment of 2.3 ng/mL, which is very high compared to other studies with a median
pre RT PSA of 0.2–0.8 ng/mL [67–83]. The pre-RT PSA levels are a known predictor of
response to salvage RT [67–83]. A systematic review by King suggests an average loss of
2.6% with regard to relapse-free survival for each incremental 0.1 ng/mL PSA at the time
of salvage RT [84].
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For patients with prior irradiation, biochemical control rates that were reported in three
analysis were even lower with a maximum of 25% and a median bRFS of 15 months [51,52,58].
These patients who had undergone extensive treatment with RP, RT and if applicable were
likely at high risk of locoregional and distant recurrence with up to 44% of patients having
distant recurrence [52,54–56]. Therefore, focal treatment as an effort to balance efficacy and
possible treatment induced side effects might have been a viable treatment option in these
patients to achieve local control and improve progression free survival. Due to the lack
of data, a possible advantage of whole prostate bed SBRT in this setting remains unclear.
Moreover, given the low number of patients included in the individual studies is low, a
comprehensive analysis of the impact of ADT is not possible.

Conclusive data regarding the oncological outcome of SBRT to the prostate fossa
as well as a comparison of SBRT to the prostate fossa and normofractionated or mildly
hypofractionated EBRT are missing to this date. Recruiting or active studies that were
identified mainly focus on treatment induced toxicity as the primary endpoint with bRFS
being a secondary endpoint in some of them. Further, data on the optimal dose for
SBRT remains unclear. In the setting of re-irradiation, a dose of 5 × 6 Gy or 6 × 6 Gy
is commonly used, similar to re-irradiation of the prostate [85–87]. This treatment dose
was likely chosen in the context of the treatment dose of the first RT course, the interval
between both treatments and the cumulative dose to the organs at risk. In patients without
prior radiotherapy but with macroscopic recurrence, 85.6% of patients received a dose of
5 × 7–8 Gy, similar to a definite SBRT to the prostate [15,17–19]. Depending on the size
of the macroscopic recurrence this is likely a sensible option, although definitive data are
lacking. Moreover, the optimal dose to the prostate bed remains unknown. In case of
normofractionated radiotherapy, the SAKK 09/10 failed to show a benefit of dose escalated
radiotherapy to the prostate bed [88]. The dose of 64 Gy as given in the SAKK study would
correspond to a fractionation scheme of 5 × 6 Gy with an estimated α/β value of 1.5 Gy.
Whether this translates to the optimal dose scheme for stereotactic radiotherapy of the
prostate bed remains unanswered by the current body of literature. However, the question
remains whether a dose escalation to 5 × 8–9 Gy as done by Sampath et al. would be
beneficial for better tumor control and still favorable side effect profile.

There are several limitations of this systematic review. First of all, it is limited by
the small number of available studies as well as the heterogeneity of the reported data
within these studies. Another major shortcoming is that we analyze and compare retro-
spective and prospective studies as well as studies including patients with or without a
macroscopic recurrence. Unfortunately, due to the lack of sufficient prospective data, this
was unavoidable.

Due to the mostly retrospective nature of the included studies, there is certainly a
risk of bias due to underreporting of events. In the context of this systematic review,
the largest risk is likely the underreporting of treatment-related toxicity. With nine out
of eleven included papers being of retrospective nature, this factor should be considered.
Additionally, the definition of acute toxicity differed slightly between the studies. Therefore,
due to the possibility of a bias, the data presentation was limited to a largely descriptive
fashion. Another shortcoming of this systematic review is the short median follow up of
the included studies and the lack of meaningful reporting of the influence of ADT, which
could not be realized in a meaningful way due to the poor reporting and heterogeneity of
the data.

Overall, there is a lack of high-quality data on the subject of SBRT after RP to date.
Therefore, the conclusions to be drawn from this systematic review are somewhat limited.
However, the overall outcomes regarding toxicity and efficacy seem promising.

5. Conclusions

At this point, ultra-hypofractionated RT using SBRT to the prostate bed remains
experimental and its use should be restricted to clinical trials. Given the biological rationale
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for extreme hypofractionation in patients with prostate cancer and the acceptable toxicity
rates that have been reported, further exploration of this field is warranted.

Supplementary Materials: The following supporting information can be downloaded at: https:
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in the individual studies; Table S4: Outlook on currently recruiting studies
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