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ABSTRACT

Introduction Despite radical prostatectomy (RP) and
radiotherapy (RT) being established treatments for
localised prostate cancer, a significant number of patients
experience recurrent disease. While conventionally
fractionated RT is still being used as a standard treatment
in the postoperative setting, ultra-hypofractionated RT has
emerged as a viable option with encouraging results in
patients with localised disease in the primary setting. In
addition, recent technological advancements in RT delivery
and precise definition of isolated macroscopic recurrence
within the prostate bed using prostate-specific membrane
antigen-positron emission tomography (PSMA-PET) and
multiparametric MRI (mpMRI) allow the exploration of
ultra-hypofractionated schedules in the salvage setting
using five fractions.

Methods and analysis In this single-arm prospective
phase Il multicentre trial, 36 patients with node-negative
prostate adenocarcinoma treated with RP at least 6
months before trial registration, tumour stage pT2a—3b,
RO-1, pNO or ¢NO according to the UICC TNM 2009

and evidence of measurable local recurrence within

the prostate bed detected by PSMA PET/CT and mpMRI
within the last 3 months, will be included. The patients
will undergo focal ultra-hypofractionated salvage RT with
34 Gy in five fractions every other day to the site of local
recurrence in combination with 6 months of androgen
deprivation therapy. The primary outcome of this study is
biochemical relapse-free survival at 2 years. Secondary
outcomes include acute side effects (until 90 days after
the end of RT) of grade 3 or higher based on Common
Terminology Criteria for Adverse Events V.5, progression-
free survival, metastasis-free survival, late side effects
and the quality of life (based on European Organisation
for Research and Treatment of Cancer Quality of Life
Questionnaire-C30, QLQ-PR25).

Ethics and dissemination The study has received ethical
approval from the Ethics Commission of the Canton of
Bern (KEK-BE 2022-01026). Academic dissemination will
occur through publications and conference presentations.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Innovative trial evaluating focal stereotactic radio-
therapy combined with short-term androgen depri-
vation therapy for treating isolated local recurrence
after radical prostatectomy.

= Treatment planning is precisely defined based on
prostate-specific membrane antigen-positron emis-
sion tomography imaging and multiparametric MRI.

= Potential for improved efficacy and toxicity profile of
salvage radiotherapy.

= Non-randomised trial; further research will be
required.

= Small sample size.

Trial registration number NCT05746806.

BACKGROUND

Radical prostatectomy (RP) and radiotherapy
(RT) are cornerstones for the treatment of
localised prostate cancer (PC).! However,
around 30%-60% of patients undergoing RP
will develop recurrent disease.”” Various large
randomised controlled studies have shown
the effectiveness of postoperative RT in men
who have a high risk of local recurrence
following RP, such as pT3 tumour or posi-
tive resection margins **. In the era of high-
sensitivity prostate-specific antigen (PSA) and
prostate-specific membrane antigen-positron
emission tomography and CT (PSMA-PET/
CT) as a standard staging examination in
recurrent PC, new data suggest comparable
oncological results if patients are treated
early with salvage RT (sRT) compared with
immediate adjuvant RT 912, Nevertheless, the
aforementioned trials and those involving
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patients receiving sRT due to macroscopic tumour recur-
rence in the prostate bed were conducted with conven-
tionally fractionated RT, typically 2 Gy per fraction *'2,

Recently, ultra-hypofractionated RT, using usually
>5 Gy or higher per fraction, was assessed as a valid ther-
apeutic option in patients with low risk or intermediate
risk as a definitive treatment. Published data with fair
follow-up periods demonstrated excellent biochemical
control management with a favourable toxicity profile
20 Moreover, the evidence on ultra-hypofractionated
in high-risk individuals is emerging, and many significant
studies have reported favourable findings *'™°. Ultra-
hypofractionation is used to treat patients with PC due
to its low o/} value which is thought to be around 1.5 Gy
7728 1t is anticipated that increasing the dose per frac-
tion would increase the therapeutic ratio and, thus, the
potential tumour control. Nevertheless, considering the
low toxicity rates reported,”™" using moderate hypofrac-
tionation in the postoperative setting with a daily RT dose
of up to 3Gy per fraction does not seem to corroborate
this concern. However, the evidence on postoperative
ultra-hypofractionated RT to the prostate bed is still in its
early stages.

Further improvement in the oncological outcomes can
be expected through technological developments in RT
delivery and precise targeting of the local relapses in the
prostate bed. An sRT using an ultra-hypofractionated
schedule delivered in five fractions and limited only to
the site of isolated macroscopic recurrence in the pros-
tate bed as defined by PSMA-PET and multiparametric
MRI (mpMRI) in combination with short-term androgen
deprivation therapy for 6 months, may represent a valid
treatment strategy to improve the therapeutic ratio in
these patients (shorter overall treatment time, better
sparing of organs at risk while delivering higher biological-
equivalent dose into the target volume).

The main objective of this prospective single-arm trial is
to assess the efficacy and safety of ultra-hypofractionated
sRT delivered in five fractions to the site of local recur-
rence within the prostate bed with target delineation
based on PSMA PET and MRI.

METHODS/DESIGN

The Hypo Focal sRT Trial protocol was constructed using
the SPIRIT reporting guidelines *°. Following permis-
sion from the regional ethics committees (KEK-BE 2022-
01026), the research is registered with ClinicalTrials.gov
(NCT05746806) and the Swiss National Clinical Trials
Portal. Both the sponsor investigator and the trial stat-

istician have given their approval to the protocol V.3.0
(dated 11 November 2022).

Study population

Inclusion criteria

1. Before registration and before any trial-specific pro-
cedures, written informed consent in accordance
with ICH (International Council for Harmonisation

of Technical Requirements for Pharmaceuticals for
Human Use) /Good Clinical Practice rules is required.

2. Minimum age to register is 18 years old.

3. Performance level 0-1 according to WHO.

4. Lymph node negative adenocarcinoma of the prostate
treated with RP at least 6 months before trial registra-
tion. Tumour stage pT2a-3b, RO-1, pNO or c¢NO ac-
cording to the UICC TNM 2009.

5. Evidence of measurable local recurrence at the pros-
tate bed detected by PSMA PET/CT and mpMRI with-
in the last 3 months. In case of unclear local recur-
rence, biopsy confirmation is recommended.

6. Patients must have non-metastatic (NO, M0) disease, as
defined by no evidence of nodal or distant metastases
seen on PSMA PET scan.

. Patients must have a testosterone level >50ng/dL.

8. Patients must not have had bilateral orchiectomy, lutei-
nising hormone-releasing hormone (LHRH) agonists,
antiandrogens or any combination of these in the past.

9. Absence of any psychological, family, sociological, or
geographic situation that would make it difficult for
the patient to adhere to the research protocol and
follow-up plan; the patient should be informed of
these factors before registering for the trial.

N}

Exclusion criteria

1. PSA levels (>0.4ng/mL) that persist 4-20 weeks after
RP.

2. Previous diagnosis of haematological or primary solid
malignancy during the preceding 3 years previous to
registration, except for curatively managed localised
non-melanoma skin cancer.

3. Use of substances known to alter PSA levels, such as an-
drogen deprivation therapy and any kind of androgen
suppression medication, within 4weeks of the start of
the trial treatment phase.

4. Bilateral hip prosthesis.

5. Comorbidities that are severe or active and that are
likely to have an effect on whether or not sRT is advis-
able.

6. Treatment with any experimental treatment or involve-
ment in a clinical trial within the last 30 days (with the
exception of concurrent participation in the biobank
research, which is allowed) is required for eligibility to
register.

Study design and sample size

This is a single-arm, prospective, phase II multicentre
study. According to the published prospective trials and
retrospective series reporting the outcomes of the normo-
fractionated sRT, we define biochemical relapse-free
survival at 2 years of 60% as poor and of 80% as the prom-
ising outcome that would justify further investigation.”
We will, therefore, test the null hypothesis that the
biochemical relapse-free survival at 2 years is lower than
60% against the alternative thatitis atleast 80%. Based on
a one-sample binomial exact test with a one-sided alpha
of 5%, 36 patients are required to reach a power of 80%,
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Figure 1

Summary of the study design and schedule. LHRH, luteinising hormone-releasing hormone; mpMRI, multiparametric

MRI; PET, positron emission tomography; PSMA, prostate-specific membrane antigen; SBRT, stereotactic radiotherapy.

not taking into account patients lost to follow-up. We will
control the safety of the intervention during the trial by
assessing acute side effects (grade 3 or higher) at 90 days
after 12 and 24 patients. The trial will be stopped if there
is evidence that the proportion of patients with acute side
effects (grade 3 or higher) is larger than 27%; the propor-
tion observed would be tested using one-sample binomial
exact tests with a one-sided alpha of 5%. Figure 1 shows a
summary of the study design and schedule.

Outcomes
Primary outcome
» Biochemical relapse-free survival at 2 years.

Secondary outcome

» Acute side effects (until 90 days after the end of RT)
of grade 3 or higher based on Common Terminology
Criteria for Adverse Events V.5.

Progression-free survival.

Metastasis-free survival.

Late side effects.

Quality of life (based on European Organisation for
Research and Treatment of Cancer Quality of Life
Questionnaire (QLQ)-C30, QLQ-PR25).

vvyyvyy

Study intervention

Preregistration imaging

Within 3 months prior to registration, PSMA PET/CT is
mandatory to exclude regional or distant metastasis. Both
"F-PSMA and **Ga-PSMA tracers are allowed. An mpMRI
of the prostate bed is required within 3 months before
registration is mandatory to define the extension of local
recurrence.

Radiation treatment (stereotactic RT)

Patient’s positioning, immobilisation, data acquisition and
simulation

Determining the gross tumour volume (GTV), the
planned target volume (PTV) and the essential structures
requires a treatment-planning CT scan with the patient in
the same position as during treatment. The patients will
be placed in the supine position for the entire process.
Support for the knees and legs is strongly advised. On
a flat table, each patient will be placed in the treatment

position while being immobilised by a unique device.
It is advised that patients be treated and scanned while
having a comfortably full bladder. For prostate bed RT,
it is advised to have an empty rectum. An example of a
bladder and rectal protocol: An empty rectum is provided
by using a rectal enema +60 min before planning CT. After
emptying the rectum and bladder, the patient is asked to
drink the amount of 500-750 mL of water. The planning
CT is then performed after 40 min. The patient repeats
the bladder filling procedure during the entire treatment
course. An endorectal balloon can be used for reposi-
tioning purposes as per local institutional standards.

Radiopaque fiducial markers (mandatory for robotic-
based treatments) may be implanted in the prostate bed
1week before the planning CT scan at the discretion of
the treating centre. During the planning and perfor-
mance of the treatment, the patient’s location will be
reproduced employing skin markings and orthogonal
laser beams. The pelvis should be scanned during the
treatment planning CT scan, at least from the lower
portion of the second lumbar vertebra (L2) to the lower
half of the ischial tuberosities. The CT scan must cover
the full target volume and all organs at risk (OAR). A CT
slice should be no thicker than 2mm. On every CT slice
that shows the GTV, PTV and OAR, these structures must
be highlighted. Morphological and topographical infor-
mation given by clinical examination, mpMRI and PET/
CT must be integrated to delineate the target volumes.
Rigid or deformable coregistration is allowed.

Treatment volumes

Definition of target volume (refer to online supplemental

material 1):

» The GTV of the suspicious local recurrence is defined
by the physician as all known gross disease before any
treatment as defined by the CT/MRI images and PET
scan using rigid or deformable fusion and/or clinical
information.

» The planning target volume (PTV) will provide
the GTV a margin to account for daily treatment
setup variations and internal motion brought on by
breathing or movement during treatment. The PTV
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Table 1 Dose constraints for OARs
Organ at risk Dose constraint Aim
Rectal Wall V18.1 Gy <50%
V29 Gy <20%
V36 Gy <lcc
Bladder Wall V18.1 Gy <40%
V 37 Gy <10cc
PRV_VUA and distal Urethra V36 Gy <1cc
Femoral heads V14.5 Gy <5%
Penile bulb V29.5 Gy <50%
Bowel V18.1 Gy <5cc
V30 Gy <lcc

OAR, organs at risk; PRV, planning organ at risk volume; VUA,
vesicourethral anastomosis.

should surround the GTV with a 5mm margin on all
sides.

Organs at risk

The delineation of the OAR should be done following the
RTOG guidelines; the normal pelvis atlas on the RTOG/
NRG Oncology website provides examples of normal
tissue contours.”

The bladder is defined by its external wall, with a thick-
ness of bmm delineated on each slide, from the dome
to the bladder neck and the start of the vesicourethral
anastomosis (VUA).

The VUA and distal urethra are delineated from
the bladder neck to the distal urethra using mpMRI
sequences, and a 2mm isotropic margin is added
around these structures to create a planning organ at
risk volume.

The rectum is defined by its external wall, with a thick-
ness of 5bmm from the rectosigmoid junction to ischial
tuberosities.

The femoral heads are delineated from the top of the
hip joint to the small trochanter, while the bowel bag is
delineated from the most inferior small or large bowel
loop to 1 cm above the planning target volume (PTV) for
coplanar beam plans, or more if non-coplanar beams or
tomotherapy plans are used.

It is suggested that dose constraints be adhered to;
however, if this is not practicable, the dose per fraction
or target coverage may be adjusted to comply with the
constraint. Table 1 shows the dose constraints for OARs.

Treatment techniques

It is required to apply rotating techniques or intensity-
modulated RT (IMRT). Only dosimetry produced by
inversed treatment planning is, by definition, regarded
as IMRT. Step-and-shoot, sliding-window and volumetric
modulated arc therapy, as well as MRI-guided radiation
therapies (MRIdian or Elekta Unity), may be employed
for performing IMRT. Treatment with Cyberknife is
allowed.

Dose prescription

A total dose of 34 Gy (80% of the maximal dose) will be
delivered in 5 fractions and fractions every second day
(NTD2Gy 80 Gy o./B=1.5Gy for tumour control and
66.6 Gy a/B=3Gy for late toxicity). Treatment will be
prescribed to the periphery of the target (80% of the
dose (=34Gy), should cover 90% of the PTV) covering
the PTV. A maximal dose of 40 Gy is allowed to GTV. The
priority will be given with respect to dose constraints over
PTV coverage.

Androgen deprivation therapy
For a total of 6months, each patient will be treated with
a 3-monthly formulation of an LHRH agonist or antag-
onist. Prevention with an antiandrogen is indicated for
at least 5days before the initial injection of the agonist
in the case of an LHRH agonist flare and should not
be sustained for more than 15 days of the firstmonth
duration.

» Androgen deprivation therapy (ADT) should start no
later than the first stereotactic RT (SBRT) fraction
and no earlier than 2 weeks before the start of RT.

» Palliative ADT should not be initiated for biochem-
ical progression until clinical progression has been
demonstrated. In the event of symptom progres-
sion, palliative ADT is required. In the event of
asymptomatic clinical progression, men who are well
informed are permitted to delay ADT until sympto-
matic progression occurs (EAU 2023 guidelines).”
Generally, we would only begin ADT in asymptomatic
individuals if traditional imaging confirmed clinical
progression. As a result, we would not advocate initi-
ating ADT for PET positive lesions that do not seem
suspicious on conventional imaging (CT/MRI/bone
scintigraphy).

» ADT-related toxicity should be managed, according to
Nguyen et al.®

Study procedures
The study procedures and the schedule of assessments
are presented in table 2.

Planned analysis

For descriptive statistics, the categorical variables will be
presented as frequency and percentage, the normally
distributed continuous variables will be presented as
mean and SD, and the non-normally distributed contin-
uous variables will be presented as median and IQR.

The time-to-event outcomes will be analysed using
Kaplan-Meier-curves, the proportion of responders at 1
and 2 years, and the restricted mean survival time at 1 and
2 years with a 95% CI. Binary outcomes will be reported
using absolute and relative frequencies with 95% Cls.

The probability of biochemical relapse-free survival and
metastasis-free survival will be estimated using the Kaplan-
Meier method. Cox proportional hazards models will be
fit to assess the effects of treatment and baseline clinical
and pathologic features (such as PSA, PSA doubling time,
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Table 2 Schedule of assessments

3 months after Every 6
Inclusion RT months till
the end of
second year
after RT,
Within 12 Within 2 Within 2 then once

Required weeks prior to  weeks prior to 1 month weeks priorto 6 months per year till

investigation registration registration Treatment after RT registration after RT 60 months

Eligibility check X

Signed informed X

consent

Record prior history  x

Visits

Physical examination X X X X X

Biochemistry (blood

samples)*

PSA X X X X X

Testosterone X X X X X

Radiology

PSMA PET X

MRI X

Radiotherapy

Treatment planning X

Record Planning X

results

Adverse Events

Baseline toxicity X

Acute toxicity X X X

Late toxicity X X

EORTC QoL
questionnaire

QLQ-C30
QLQ-PR25

X

X

*Blood samples: The obtained blood samples are used only for PSA and testosterone values. The measurement for this labs is conducted
within the local hospital laboratory of each participating centre and the rest samples will be disposed afterwards. No blood will be collected or

stored or used for other research purposes within the frame of this trial.

EORTC, European Organisation for Research and Treatment of Cancer; PSA, prostate-specific antigen; PSMA PET, prostate-specific membrane
antigen-positron emission tomography; QLQ-C30, Quality of Life Questionnaire Core 30; QoL, quality of life; RT, radiotherapy.

Gleason score) on biochemical relapse-free survival and
metastasis-free survival).

Further subgroup analysis will follow after finalising the
accrual (RO vs R1), (pNO vs cNO) and based the location
of the recurrence.

Study status

Open and currently accruing since 20 February 2023.
The approximate recruitment will be completed by

October 2024.

Patient and public involvement

» Patients were not involved in the idea conception of
this trial.

» Patients were not involved in the design of this study
nor in recruitment of the study.

Ethics and dissemination

The study has been submitted and approved by ethics
commission of Canton of Bern. A written informed
consent will be obtained from the study participants.
Academic dissemination will occur through publica-
tion and conference presentations.

DISCUSSION

External beam RT is a well-established treatment for
organ-confined prostate cancer, with comparable cure
rates to RP.*”” Hypofractionation employs a higher dose-
perfraction while reducing the number of fractions
offering a clinical benefit in terms of tumour control in
tumours with a low alfa/beta ratio (eg, prostate cancer)
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and favourable toxicity, allowing for higher patient
comfort.” Based on the results of ten prior randomised
trials, there is compelling evidence suggesting that
moderate hypofractionation RT is not inferior to stan-
dard normofractionation RT schedules as a definitive
treatment for primary PC.* This evidence led to the inte-
gration of moderate hypofractionation schedules into
the list of valid treatment options in the NCCN guide-
lines.* In addition, recent advancements in the field of
RT, including IMRT /rotational techniques, image-guided
RT and SBRT, have permitted the gradual integration
of ultra-hypofractionation in the treatment of localised
PC. SBRT for PC has generated adequate data in terms
of tumour control, patientreported quality of life and
minimal toxicity '*'°* to support its introduction in clin-
ical practice. In addition, the prostate cancer-working
group of the German Society of Oncology (DEGRO)
and the NCCN Guidelines approve the use of SBRT in
the treatment of localised low-risk and intermediate-risk
prostate cancer and propose its use in clinical trials for
patients with the localised high-risk disease.*' **

The evidence of ultra-hypofractionation has recently
been supported by two randomised studies (HYPO
RT-PC) *, Prostate Advances in Comparative Evidence
(PACE)-B trial,'"* which compare its usage to conven-
tional fractionation. Nevertheless, only HYPO-RT-PC
provided information on the outcomes of long-term
tumour and toxicity control. A randomised systematic
review and meta-analysis of phase 3 studies evaluating
SBRT with normofractionated and hypofractionated regi-
mens were published in 2020. It was determined that the
ultra-hypofractionated regimens had comparable 5-year
disease-free survival outcomes, with late gastrointestinal
and genitourinary (GU) toxicity of <15%and <21%,
respectively, in comparison to hypofractionated regimens
and conventional RT.*’ In 2022, the toxicity outcome
of the PACE B Trial was published, showing no signifi-
cant differences between the five fractions of SBRT and
conventional RT *.

The use of moderate hypofractionation is gaining more
popularity as a standard treatment in the postoperative
setting.* Retrospective and prospective single-arm studies
support a safe toxicity profile and promising biochem-
ical control rates with hypofractionation.”” According to
newly released findings from the phase III clinical study
NRG-GUO003 evaluating hypofractionated postoperative
prostate bed RT (HYPORT) to conventional postpros-
tatectomy RT for men with prostate cancer, treatment
with HYPORT did not cause a rise in patientreported
GI or GU toxicity for study subjects, with a comparable
biochemical disease control at the 2-year follow-up.*

Parikh et al*’ did a theoretical feasibility study of SBRT
following RP depending on the NTCP (normal tissue
complication probability) model, using individuals who
had been managed with conventional EBRT for biochem-
ical recurrence after prostatectomy. The goal was to
show that SBRT could be used safely and effectively in
this clinical situation. A dose of 30 Gy was delivered to

the PTV in five fractions, translating to an equivalent
dose in 2 Gy fractions of 64.3 Gy, assuming an o./f3 value
of 1.5 Gy, in accordance with RTOG standards to define
postprostatectomy volumes. To predict the probability of
late rectal and/or bladder toxicity, the NTCP model was
used. According to the NTCP model, the average inci-
dence of grade >2late rectal toxicity was assessed to be
0.28%, and that of late grade 2 toxicity on the bladder
neck was determined to be as low as 0.00013%, while
the average incidence of late urinary symptoms exacer-
bation was calculated to be 4.81%. The author’s conclu-
sion is that employing SBRT after surgery looks viable
and may provide a safe, practical therapeutic alternative
for individuals in both the adjuvant and salvage following
biochemical failure, taking into account the limitations
of the NTCP model.

Sampath et al examined the use of stereotactic dose-
escalated RT on prostate beds in a prospective phase 1
research, which revealed a crude rate of biochemical
control of 42% in the overall population.”® Patients
received care using dose fractionation regimens of
35 Gy, 40 Gy and 45 Gy in five fractions each. The authors
emphasised that raising the dosage to 45 Gy was possible
without increasing the number of adverse events but
that there was no observed improvement in PSA control
when compared with 40 Gy in five fractions. Similarly, a
recent propensity score study comparing salvage SBRT
and conventional RT for macroscopic prostate bed
recurrence revealed similar bRFS and PFS rates across
the two modalities. On the other hand, a reduced inci-
dence of toxicity was verified for patients receiving
focal stereotactic sRT compared with conventionally
fractionated sRT, with acute GI and GU adverse events
recorded in 4.4% against 44.4% (p<0.001) and 28.9%
against 46.7% (p=0.08) of participants, and late GI and
GU side effects reported in 0% vs 13.3% (p=0.04) and
6.7% vs 22.2% (p=0.03) of patient populations, respec-
tively.” The authors argue that salvage SBRT is a desir-
able substitute for conventional sRT in this situation
due to the approach’s favourable therapeutic ratio and
the less number of required fractions. Additionally, the
prospective phase 2 SCIMITAR trial reported the quality
of life and toxicity outcome of 100 patients who received
postoperative ultra-hypofractionated SBRT delivered in
5 fractions.”” Acute and late grade 2 GU toxicities were
both 9%, while acute and late grade 2 GI toxicities were
5% and 0%, respectively. Three patients had grade 3
toxicity (n=1 GU, n=2GI).”

The expected results from the Hypo-Focal sRT trial will
provide the first prospective evidence for the focal hypof-
ractionated RT in the salvage setting and can be used as
a basis for a large multicentre phase 3 trial. In addition
to the assumed improvement in efficacy and toxicity
profile due to precise customisation of the treatment
target volumes, the application of a focal hypofraction-
ated RT is expected to achieve cost-effectiveness benefits.
Due to the very short treatment course (unlike conven-
tional RT treatments, which can take up to 7 weeks),
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hypofractionated focal sRT leads to greater patient conve-
nience and comfortability.
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