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Abstract

Background Stereotactic body radiotherapy (SBRT) for localized prostate cancer offers non-inferior oncological
outcomes and toxicity profiles compared to conventionally or moderately hypofractioned radiotherapy regimens,
with shorter treatment durations. However, SBRT may not be suitable for all patients, particularly those with lower
urogenital tract symptoms and/or prostatic hyperplasia.

Methods This study aims to evaluate the safety and efficacy of weekly computed tomography (CT) or magnetic
resonance image (MRI)-guided online adaptive SBRT in patients with intermediate to high-risk localized prostate
cancer (i.e. < cT3a and Gleason score <9 and PSA <20 ng/ml) who present with lower urinary tract symptoms
(International Prostate Symptom Score [IPSS] > 12) and/or have prostate hyperplasia (prostate volume >60 mL). The
primary outcome measure is urogenital toxicity grade > 3 within 3 months after completion of SBRT (according to
CTCAE V5.0) or treatment-related discontinuation. Our aim is to show an event rate of 3% below a clinically acceptable
threshold which is set at 20%. Under the null hypothesis, this design with an alpha of 0.05 and power of 80% results in
an expected number of cases of 30.

Discussion In cases of moderate to high IPSS or significant obstructive urodynamics, a pre-emptive transurethral
resection of prostate (TURP) may be beneficial. Notably, 10-20% of prostate cancer patients receiving radiotherapy
patients have a history of TURP. While TURP can improve obstructive symptoms, its impact on late toxicity, particularly
in SBRT, requires further investigation. To mitigate the risk of urogenital toxicity, especially in the case of patients with
lower urogenital tract symptoms and/or prostatic hyperplasia, emerging approaches like MR-guided adaptive SBRT
and weekly SBRT have shown promise.

Trial registration ClinicalTrials.gov/NCT06834152.
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Background and rationale

Prostate cancer is the most prevalent form of cancer
among men in both the United States and Europe [1]. In
2023, approximately 288,300 new cases of prostate can-
cer were diagnosed in the US, and 470,000 in Europe [1].
External beam radiotherapy (EBRT) plays a crucial role
in the treatment of localized prostate cancer according to
international guidelines [2, 3]. Conventionally fractioned
radiotherapy involves the administration of a total dose
of 74-78 Gy in 1.8-2 Gy single doses over a period of 7 to
8 weeks [4]. The use of moderately hypofractioned radio-
therapy (single doses between 2.4 and 3.4 Gy) has been
shown to be non-inferior in clinical outcomes for patients
with prostate cancer compared to conventionally frac-
tioned radiotherapy [5]. Further reduction in the number
of fractions is referred to as ultrahypofractionated or ste-
reotactic radiotherapy (SBRT), which commonly involves
delivering 1-7 fractions with single doses > 6 Gy [6].

Recently, the PACE-A randomized controlled trial
(RCT) demonstrated that SBRT, with a total dose to the
clinical target volume (CTV) of 40 Gy and to the plan-
ning target volume (PTV) of 36.25 Gy delivered in 5 frac-
tions showed less patient-reported urinary incontinence
and sexual dysfunction, and slightly more bowel bother
than prostatectomy [7]. The PACE-B RCT demonstrated
that SBRT results in excellent oncological outcomes with
a 5-year biochemical and biochemical progression-free
survival rate of 95.8% which was non-inferior to conven-
tionally or moderately hypofractioned radiotherapy [8].
While there was a small increase in genitourinary (GU)
toxicity at 12—18 months, no long-term increased toxic-
ity was observed with SBRT [8].

Baseline lower urinary tract symptoms, measurable
via the International Prostate Symptom Score (IPSS), are
critical in predicting GU toxicity during and after radio-
therapy [9, 10]. For example, the impact of higher IPSS
on GU toxicity was demonstrated by a French study
analyzing predictive factors for GU toxicity and self-
reported symptoms after EBRT for prostate cancer [9].
This study included 280 patients treated with conven-
tionally fractioned EBRT for localized prostate cancer [9].
The analysis of self-reported symptoms showed a signifi-
cant correlation between IPSS baseline values (P=0.009),
presence of nocturia (P=0.002), bladder urgency
(P=0.024) and incontinence (P=0.024) and develop-
ment of acute GU toxicity at univariate analysis [9]. At
multivariate logistic regression analysis, bladder filling,
IPSS value, nocturia, and urinary incontinence retained
significant correlation with GU toxicity (P=0.0003)°.

The correlation of baseline IPSS and GU toxicity was
also demonstrated in a secondary analysis of the PACE-B
trial [11]. In a univariable analysis factors statistically sig-
nificantly associated with late grade 2 + GU toxicity were
baseline IPSS (P<0.0001), prostate volume (P=0.02),
baseline grade 2+ GU events (P<0.0001), baseline EPIC-
26 overall urinary bother (P<0.0001), and the use of con-
ventional linac (P=0.002)'.

The impact of larger prostate volumes on late GU tox-
icity was demonstrated in a study conducted at the Vet-
eran’s Affairs Medical Center [12]. In this study patients
with localized prostate cancer treated with moderately
hypofractioned radiotherapy between 2008 and 2018
were included [12]. Patients with a larger prostate target
volume (corresponding to median prostate volume of 76
mL) were at increased risk and earlier onset of late grade
2 + QU toxicity [12]. Another prospective study assessing
the quality of life and satisfaction with outcome among
1201 prostate cancer survivors showed that large prostate
size exacerbated urinary irritation after radiotherapy and
was associated with worse quality of life scores [13].

Therefore, many studies evaluating SBRT for localized
prostate cancer have excluded patients with lower uri-
nary tract symptoms, defined by IPSS>12 [14], >15 [15]—
[17], or >19 [18], or with prostatic hyperplasia defined as
prostate volume > 60 mL [15], >70 mL [16], >80 mL [14],
or >90 mL [18] (Table 1).

In cases of moderate to high IPSS or significant
obstructive urodynamics, a pre-emptive transurethral
resection of the prostate (TURP) may be beneficial [19].
Notably, 10-20% of prostate cancer patients receiving
radiotherapy patients have a history of TURP [20]. While
TURP can improve obstructive symptoms, its impact
on late GU toxicity, particularly in the era of hypofrac-
tionated radiotherapy, requires further investigation.
The impact of TURP on late GU toxicity has been dem-
onstrated by study including 141 patients treated with
cyberknife SBRT for localized prostate cancer between
2010 and 2020 [21]. Among the included patients, 13.5%
had a history of TURP. Multivariate analysis revealed
that a history of TURP was significantly associated with
late 2 + GU toxicity [21]. However, another retrospective
cohort study showed no association between late GU
toxicity and SBRT or moderately hypofractioned radio-
therapy in patients with prior TURP, or TURP cavity vol-
ume in univariable or multivariable analysis [22].

The urogenital toxicity associated with SBRT in patients
with lower urinary tract symptoms or prostate hyper-
plasia could potentially be mitigated by administering
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Table 1 Inclusion criteria of important trials in the field of definitive SBRT for localized prostate cancer
Author, year Study name Treatment Study type Inclusion criteria
IPSS  Prostate volume Tstage Gleason PSA (ng/ml)

Van As, 2024 [19] PACE-B MHRT or CRT vs. SBRT ~ Phase |l ns ns T1c-T2¢ <7a <20
Van As, 2024 [7] PACE-A P vs. SBRT Phase lll ns ns T1c-T2c <7a <20
Draulans, 2024 [14]  Hypo-FLAME SBRT Phase Il <15 ns T2b-T3b  >7 <30
Fink, 2024 [11] SMILE SBRT Phase Il <12 <80 mL T1-3a <8a <20
Lukka, 2023 [29] NRG RTOG 0938  SBRT: 12 Fx vs. 5 Fx Phase Il ns ns T1-2a <6a <10
Widmark, 2019 [6] HYPO-RT-PC SBRT Phase Il ns ns T1-3a >7a <20
Kinshan, 2019 [28] MIRAGE CT vs. MRI SBRT Phase Il ns ns T1-3a >7a <20
Quon, 2018 [15] PATRIOT Weekly vs. EOD SBRT Phase Il <19 <90 mL T1-2b <7a <20
Zelefsky, 2018 [12] MSKCC SBRT Phase | <15 <60 mL T1-3a <7a <20
NCT03367702 [13] NRG GU005 SBRT vs. MHRT Phase Il <15 <70mL T1-2b <7a <20

(ongoing)

CRT: conventional radiotherapy, CT: computed tomography, EOD: every other day, IPSS: international prostate symptom score, MHRT: moderately hypofractioned
radiotherapy, MRI: magnetic resonance imaging, ns: not specified P: prostatectomy, PSA: prostate specific antigen, SBRT: stereotactic body radiotherapy

SBRT on a weekly basis. The PATRIOT RCT has shown
that weekly SBRT for prostate cancer is associated with
reduced acute GU and gastrointestinal (GI) toxicity
compared to SBRT delivered every other day [18, 23].
Notably, weekly SBRT did not result in differences in bio-
chemical failure rates [23]. This reduction in acute GU
toxicity for weekly SBRT was also demonstrated in the
phase II hypo-FLAME 2.0 trial which showed reduced
acute grade 2 GU toxicity with weekly SBRT compared
to SBRT delivered every other day (34.0% versus 47.5%)
[24]. Importantly, this improvement in acute GU and GI
toxicity associated with weekly SBRT in the PATRIOT
trial did not translate to improvement in long-term GU
or GI toxicity [23].

Another method to reduce the rate of GU toxicity
is with use the of MR as opposed to CT guidance [25].
The phase III MIRAGE trial has shown that MRI-guided
SBRT versus CT-guided SBRT was associated with signif-
icantly lower cumulative incidence of late grade 2 toxicity
at 2 years for both GU toxicity (27% vs. 51, p =0.004) and
GI toxicity (1.4 vs. 9.5%, p=0.025) [25]. Importantly, the
PTV margins used for MRI-guided SBRT were smaller
than for CT-guided SBRT (2 mm versus 4 mm) which
could also have impacted results [25].

The aim of this phase II international multicenter study
is to evaluate the safety, feasibility, and efficacy of adap-
tive definitive SBRT, delivered in five weekly fractions, in
patients with newly diagnosed localized prostate cancer
who have lower urinary tract symptoms and/or prostatic
hyperplasia.

Methods
This study protocol was written in accordance with
SPIRIT checklist [26].

Study setting
This observational international multicenter prospective
phase II study, conducted in collaboration with several

academic hospitals in Switzerland and Germany, will
include patients with histologically confirmed interme-
diate to high risk localized prostate cancer (i.e. < cT3a,
Gleason <9 and PSA <20) with lower urinary tract symp-
toms (i.e. IPSS >12) and/or prostate hyperplasia (i.e. > 60
mL). These patients are planned to receive weekly CT or
MRI online adaptive SBRT for localized prostate cancer.
Patients with seminal vesicle involvement (i.e. ¢T3b) or
very high-risk localized disease defined by Gleason>8
score combined with extra prostatic extension (cT3a) will
excluded. Figure 1 provides a schematic overview of the
study. Supplementary File S1 provides NCCN initial risk
stratification for localized prostate cancer in relation to
eligibility for X-SMILE.

Eligibility
Inclusion criteria

+ Patients with histologically confirmed intermediate
to high risk localized prostate cancer according to
NCCN guidelines (i.e. < cT3a, Gleason score<9, and
PSA <20 ng/ml)>.

+ IPSS>12 and/or with prostate volume > 60 mL.

+ Age>18 years.

+ ECOG performance status of 0-2.

+ Written informed consent.

+ For patients with high-risk localized disease (i.e.
cT3a or Gleason >8) a PSMA PET/CT or PSMA
PET/MRI scan is mandatory.

Exclusion criteria

» Seminal vesicle involvement (i.e. cT3b disease).

+ Very high-risk localized disease according to NCCN
guidelines defined by Gleason =8 score combined
with extra prostatic extension (cT3a).

+ Gleason score 10.

+ PSA>20ng/ml.
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Online adaptive stereotactic body radiotherapy for localized
prostate cancer in patients with lower urinary tract symptoms

Intermediate to high risk
localized prostate cancer

and/or prostate hyperplasia (X-SMILE)

Primary and secondary
endpoints

+ PSA <20 ng/ml

+ PSMA scan (high risk)

+ IPSS>12 <41 Gy

AND/OR

* Prostate volume > 60 cc « Neurovascular bundle:
USZ e D0.15¢cc <40 Gy

« N=30 « CTV1:5x8.0Gy=40.0Gy Primary: acute
* Grade > Il GU toxicity < 3
+ <cT3a e PTV1:5x7.5Gy=37.5Gy months after end of SBRT
. Secondary:
* Gleasonscore<9 + PTV2:5x6.5Gy=32.5Gy -
(unf. intermediate - high risk) ' Long—te_rm toxicity = 1l Gl or
GU Toxicity

¢ Rectum: D0.5cc < 39.3 Gy

¢ Urethra+2 mm: D0.15cc

* Biochemical recurrence
+ Salvage therapy rate

¢ Overall survival

* Quality of life

+ Metastases-free survival
« Uroflowmetry

Fig. 1 Schematic overview of the X-SMILE study

+ DPatients with contraindications against definitive CT
or MRI-adaptive radiotherapy of the prostate, e.g.
inflammatory bowel disease, previous radiotherapy
in the pelvis, previous local radiotherapy of the
prostate.

«+ Severe obstructive genitourinary symptoms (e.g.
recent urinary retention > grade 3 according CTCAE
v.5.0).

+ Lymph node metastases (i.e. cN1 disease).

» Distant metastases (i.e. cM1 disease).

Intervention

SBRT will be according to standard of care and consist of
definitive CT or MRI online adaptive SBRT of the pros-
tate according to the PACE trial [27] which includes a
total dose to CTV 1 (i.e. prostate and proximal 1 cm of
the seminal vesicle) of 40.0 Gy in 5 weekly fractions (sin-
gle dose of 8.0 Gy) and total dose to PTV 1 of 37.5 Gy in
5 weekly fractions (single dose of 7.5 Gy) with a compro-
mise for bowel sparing allowed. For patients with unfa-
vorable intermediate risk or high risk disease a total dose
to the PTV2 (i.e. PTV1 + proximal 2—-2.5 cm of the semi-
nal vesicle) of 32.5 Gy in 5 weekly fractions (single dose
of 6.5 Gy) will be delivered. The inclusion of the proxi-
mal 2-2.5 cm of the seminal vesicle for unfavorable inter-
mediate risk or high risk was based on a retrospective
study on 344 prostatectomy samples [28]. In this study,
the median length of seminal vesicles involvement was
1.0 cm and only 1% of their patients had a risk of seminal

vesicles involvement beyond 2.0. [28] Table 2 provides
radiation dose and target volumes for X-SMILE based
on NCCN risk groups. Figure 2 provides a schematic
illustration of the seminal vesicle inclusion. Tables 3 and
4 provides recommendations for organs at risk (OAR)
constraints.

Neoadjuvant, concomitant, or adjuvant systemic ther-
apy (e.g. androgen deprivation therapy [ADT] or andro-
gen receptor pathway inhibitors [ARPI]) is not part of
this study and will be administered at the discretion of
the treating physician, following a shared decision-mak-
ing process with the patient.

Outcomes

Primary outcome

The primary endpoint is a composite endpoint in which
the occurrence of one of the following is considered an
event:

+ the presence of GU toxicity of grade = 3 within 3
months after completion of radiotherapy (according
to CTCAE v5.0).

+ Treatment-related discontinuation.

A subgroup analysis for acute urogenital toxicity will
be performed for patients with and without a history of
TURP.
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Table 2 Radiation dose and target volumes for X-SMILE based on NCCN risk groups

NCCN risk group Volume Dose
Favorable intermediate risk ~ CTV1 = prostate + proximal 1 cm of seminal 5x8Gy=40Gy
vesicles (V100%>95%, compromise for OAR sparing allowed V100%>90%)

PTV1 =CTV14+ 5 mm margin, 3 mm to posterior

Unfavorable intermediate CTV1 = prostate + proximal 1 cm of seminal
risk or high risk vesicles

PTV1 =CTV1 + 5 mm margin, 3 mm to posterior

CTV2 =CTV1 + proximal 1 cm to 2.0-2.5 cm of
seminal vesicles

PTV2 =CTV2 + 5 mm margin, 3 mm to posterior

5x7.5Gy =375 Gy weekly

(V100%>95%, compromise for OAR sparing allowed D99%>36.25
Gy for PTV_PH = PTV1-(Bowel+3mm)

5x8 Gy=40 Gy

(V100%>95%, compromise for OAR sparing allowed V100%>90%)
5x7.5Gy =37.5Gy weekly

(V100%>95%, compromise for OAR sparing allowed D99%>36.25
Gy for PTV_PH = PTV1-(Bowel+3mm)

5x6.5Gy=325Gy
(V95%>95%, compromise for OAR sparing allowed))

CTV2 (i.e. CTV1 + proximal 1-2 cm of SV,
included for unf. intermediat risk - high risk)
CTV1 (i.e. prostate + proximal 1 cm of seminal
vesicle)

Prostate

Fig. 2 Schematic illustration of CTV analog the PACE study [27]
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Table 3 Organs at risk (OAR) constraints
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Bladder
Sigma/Bowel

D 0.1 cc<41.4 Gy and D 5 cc<39.3 Gy, Compromise of CTV and PTV coverage allowed
D 1cc<30Gyand D 0.1 cc<33 Gy (hard constraints);

Compromise of CTV and PTV coverage allowed

Neurovascular bundle (NVB) D 0.15 cc<40.0 Gy.

No overlap with CTV; if Tumor directly abuts the NVB — no dose constraint on the affected side
Tumor does not directly abuts the NVB— constraint on both sides, compromise of CTV and PTV coverage allowed

Posterior rectal wall D0.1cc<109 Gy
Rectum

Urethra+2 mm

D 0.5 cc<39.3 Gy, Compromise of CTV and PTV coverage allowed
D 0.15 cc<41 Gy, Compromise of CTV coverage allowed

Secondary outcomes

+ GI toxicity of grade = 3 within 3 months after
completion of radiotherapy (according to CTCAE
V5.0 determined by treating physician),

+ mortality within one year of radiotherapy initiation
(related to treatment and/or disease),

« number of GU and GI toxicities within 5 years after
completion of radiotherapy and their severity,

+ biochemical progression-free survival (determined
from the start of therapy until the occurrence of PSA
recurrence according to the Phoenix criteria i.e. post-
therapeutic PSA nadir + 2 ng/ml),

+ hormonal therapy-free survival (HTES) is defined
separately for different patient groups:

— For patients receiving concomitant hormonal
therapy, HTES is measured from the start of SBRT
until the initiation of the next line of hormonal
therapy.

— For patients where hormonal therapy is
introduced after SBRT (not concomitant), HTFS is
calculated as the time from the start of SBRT until
the initiation of hormonal therapy.

« overall survival (defined from the start of therapy
until death or censoring),

« quality-of-life measured using the EORTC QLQ-
C30 and QLQ-PR25 questionnaires during and after
treatment,

«+ uroflowmetry (optional).

A subgroup analysis will be performed for patients with
and without a history of TURP.

Participant timeline

Recruitment for the study will take place over a period of
approximately 2 years. The end of the study is defined as
the end of the follow-up period of the last patient (regu-
lar end of the treatment phase: approx. 2 weeks after the
start of radiotherapy; regular end of radiotherapy; regular
end of study participation: after a follow-up period of five
years).

End of
follow-up

Enrolmentof  Enrolment of
1st participant last

Completion of
treatment of

participant last participant
1st quarter of 1st quarter of 2nd quarter of 3rd quarter of
2024 2026 2026 2026 (primary
endpoint)
2nd quarter of
2031 (second-

ary endpoints)

1) Baseline

+ Medical history (incl. surgical report, surgical
histology, data on anti-hormonal therapy and
medications improving voiding problems if
applicable).

+ Documentation of staging examinations (staging
according to S3 guideline).

+ Quality of life questionnaires (EORTC QLQ-C30 and
QLQ-PR25).

+ Data on severe obstructive genitourinary symptoms,
e.g. date of TURP.

+ Assessment of symptoms (prostate specific)
according to CTCAE (version 5.0), IPSS and RTOG
criteria.

+ PSA measurement within 6 weeks prior to the start
of radiotherapy.

+ Standard planningMRIL

+ Uroflowmetry within 6 weeks prior to the start of
radiotherapy (optional).

2) During radiotherapy Duringradiotherapy, the patient
is monitored according to standard of care and internal
guidelines at the respective project site.

On the last day of radiotherapy (+/- 3 days), the follow-
ing data are collected:

+ Symptoms and toxicities (CTCAE, RTOG).
« PRO questionnaires (QLQ-C30 and QLQ-PR25,
study procedure).

3) Follow-up At regular intervals (3, 6, 9, 12, 18, 24, 36,
48, and 60 months after completion of radiotherapy, +/- 2
weeks), outpatient appointments should be scheduled at
the treating project site as part of standard of care follow-
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§ up. If a patient is unable to attend the appointment in
g person, it is possible to conduct the consultation by tele-
§ phone and send the questionnaires by mail. At follow-up
5 appointments, symptoms will be evaluated according to
a2 RTOG and CTCAE criteria (version 5.0) specific for pros-
P .o o R tate as well as quality of life using EORTC QLQ C30 and
QLQ PR25.
wl® < ox < B ox x Survival status and use of hormonal therapy or medi-
5o cations improving voiding problems will be assessed at
= = every visit. IPSS and an optional uroflowmetry will be
© < assessed only at 3 months after completion of RT.
< = X X E =< x . .
N PSA values are measured in accordance with the cur-
3|y ~ rent S3 guidelines for prostate cancer: quarterly during
the first two years after completion of radiotherapy (at
L XX xS 3, 6,9, 12, 15, 18, 21 and 24 months, +/- 2 weeks), then
5o every six months (at 30, 36, 42, 48, 54 and 60 months,
=im = +/- 2 weeks) until 5 years after completion of radio-
5 o B therapy. If PSA is measured by the treating urologist or
general practitioner, the patient (or his treating urologist
N > or general practitioner) is asked to submit the results to
® _ the project site within 4 weeks. Alternatively, PSA mea-
~| X & surement can be done at the project site. However, it is
E i strongly recommended that PSA is measured at the same
- > . . . .
— laboratory at each time point to avoid fluctuation errors
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a) Prior or during radiotherapy

« the patient (no longer) fulfills the eligibility criteria
for the project

b) At any time during the course of the project
« withdrawl of consent

In case of premature termination of the participation in
the project, e.g. in case of withdrawal of consent, the data
collected up to that timepoint will still be used for the
project in pseudonymized form.

Sample size

We assume that around 3% of patients have acute
grade >3 GU toxicity according to CTCAE version 5 (i.e.
1 patient). The rate of treatment discontinuation within
3 months is considered negligible. Our aim is to show
with high probability, that the event rate is below a clini-
cally acceptable threshold, which is set at 20%. Under
the null hypothesis, this design with an alpha of 0.05,
power of 80%, results in an expected number of cases of
30. Dropouts prior to treatment start will be replaced.
The protocol population (PP) comprises all patients who
have received the planned treatment in full according
to the protocol and for whom all relevant data are fully
documented. A subgroup analysis will be performed for
patients with and without history of TURP.

Recruitment

Patients according to the eligibility criteria will be
informed about the project, its objectives, data collec-
tion procedures and timepoints, as well as their rights
and obligations by a project physician. To participate
in the project, patients must provide written informed
consent prior any project-specific data collection (i.e.
patient reported outcomes measures and optional
uroflowmetry).

Data collection

All data collected in this study must be entered into the
eCRFs by appropriately authorized persons. The database
checks the data using programmed value ranges, valid-
ity and consistency checks. If necessary, queries can be
made, which are processed by authorized persons via the
database. Using these queries, authorized project staff at
site can check, answer or correct the discrepancies that
have arisen.

For quality assurance, the Ethics Committee may visit
the research sites. Direct access to the source data and
all project related files and documents will be granted on
such occasions.
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Statistical methods

The analysis is carried out for the per-protocol popula-
tion. The data are analyzed descriptively by determin-
ing the mean, standard deviation, minimum, maximum,
median, interquartile range and absolute and relative
frequencies according to the data distribution. Kaplan-
Meier curves are created for the survival endpoints
(e.g. biochemical progression-free survival). Regression
models are created for the various endpoints to ana-
lyze potential influencing factors on the respective end-
point. Reasons for treatment discontinuation and cases
of discontinuation or loss to follow-up will be analyzed.
Missing values are not imputed, i.e. not replaced or
supplemented.

Data monitoring
Not applicable for this observational cohort study with
risk category A according to Swiss regulations.

Harms

Definite CT or MRI online adaptive SBRT can be con-
sidered a standard of care for the project population in
all participating centers, where CT or MRI guided online
adaptive SBRT is available. However, its safety and feasi-
bility for the project population (patients with lower uri-
nary tract symptoms and/or prostatic hyperplasia) has
not yet been shown. This research project mostly uses
data collected in clinical routine. The only data collected
specifically for the project is quality of life (QoL) assessed
by QLQ-C30 and QLQ-PR25; participants will need
15-20 min per visit to complete the QoL questionnaires.
An uroflowmetry is optional.

Auditing
Not applicable for this observational cohort study with
risk category A according to Swiss regulations.

Discussion

This phase II international multicenter study aims to
evaluate the safety, feasibility, and efficacy of online adap-
tive definitive SBRT, delivered in five weekly fractions, in
patients with newly diagnosed intermediate or high risk
localized prostate cancer who present with lower urinary
tract symptoms and/or prostatic hyperplasia. Given the
increasing adoption of SBRT [29] for localized prostate
cancer and its potential advantages in reducing treatment
duration, it is crucial to assess its suitability in a popula-
tion often excluded from previous trials due to concerns
over GU toxicity.

The rationale for this study is supported by prior evi-
dence demonstrating the association between baseline
lower urinary tract symptoms, prostate volume, and the
risk of acute and late GU toxicity following SBRT. Studies
such as the secondary analysis of the PACE-B trial [11]
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and research from the Veteran’s Affairs Medical Center
[12] have highlighted the significant association between
higher baseline IPSS, increased prostate volume, and the
development of GU toxicity. Additionally, a history of
TURP has been suggested as a potential risk factor for
increased late GU toxicity [21], although conflicting find-
ings indicate the need for further investigation.

Our approach, utilizing a weekly fractionation sched-
ule, is informed by the PATRIOT RCT [18] and hypo-
FLAME 2.0 trial [24], both of which demonstrated
reduced acute GU and GI toxicity with weekly SBRT
compared to every-other-day SBRT. This strategy may be
particularly beneficial in patients with lower urinary tract
symptoms or larger prostate volumes, potentially miti-
gating the risk of treatment-related toxicities while main-
taining oncological efficacy.

Another key aspect of our study is the incorporation
of MR-guided SBRT, as MRI guidance has been shown
to significantly reduce late grade 2 + GU and GI toxicities
compared to CT-guided SBRT [25]. These improved out-
comes were likely due to improved visualization of soft
tissue structures and enhanced adaptive radiotherapy
capabilities [25].

By addressing a population with significant baseline
urinary dysfunction and/or prostatic hyperplasia, our
study seeks to fill a critical gap in the literature. The find-
ings will provide essential insights into whether weekly
adaptive MR-guided SBRT can serve as a viable treat-
ment modality for this subset of patients. If success-
ful, this approach may expand the eligibility criteria for
SBRT in localized prostate cancer, offering a safe and
effective alternative for patients traditionally considered
at higher risk for radiotherapy-related toxicity. Limita-
tions of this study include lack of a comparator group
(e.g., conventional fractionation or non-adaptive SBRT),
limiting direct causal inferences about efficacy/safety
improvement.

Conclusion

SBRT is a highly effective treatment for localized pros-
tate cancer. However, the safety and efficacy of SBRT in
patients with lower urinary tract symptoms and/or pros-
tatic hyperplasia has not yet been demonstrated. This
phase II international multicenter observational study
aims to evaluate the role of weekly CT- or MR-guided
online-adaptive SBRT in treating localized intermedi-
ate to high-risk prostate cancer in patients with lower
urinary tract symptoms (i.e. IPSS>12) and/or prostate
hyperplasia (i.e. prostate volume>60 mL) who are at
increased risk for GU toxicity. Emerging approaches like
MR adaptive SBRT and weekly fractionation have shown
promise to mitigate the risk of urogenital toxicity.
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