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Purpose: The PERYTON trial is a multicenter randomized controlled trial that will investigate whether the treatment outcome of
salvage external beam radiation therapy (sEBRT) will be improved with hypofractionated radiation therapy. A pretrial quality
assurance (QA) program was undertaken to ensure protocol compliance within the PERYTON trial and to assess variation in sEBRT
treatment protocols between the participating centers.
Methods and Materials: Completion of the QA program was mandatory for each participating center (N = 8) to start patient
inclusion. The pretrial QA program included (1) a questionnaire on the center-specific sEBRT protocol, (2) a delineation exercise of
the clinical target volume (CTV) and organs at risk, and (3) a treatment planning exercise. All contours were analyzed using the
pairwise dice similarity coefficient (DSC) and the 50th and 95th percentile Hausdorff distance (HD50 and HD95, respectively). The
submitted treatment plans were reviewed for protocol compliance.
Results: The results of the questionnaire showed that high-quality, state-of-the-art radiation therapy techniques were used in the
participating centers and identified variations of the sEBRT protocols used concerning the position verification and preparation
techniques. The submitted CTVs showed significant variation, with a range in volume of 29 cm3 to 167 cm3, a mean pairwise DSC of
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0.52, and a mean HD50 and HD95 of 2.3 mm and 24.4 mm, respectively. Only in 1 center the treatment plan required adaptation
before meeting all constraints of the PERYTON protocol.
Conclusions: The pretrial QA of the PERYTON trial demonstrated that high-quality, but variable, radiation techniques were used in
the 8 participating centers. The treatment planning exercise confirmed that the dose constraints of the PERYTON protocol were
feasible for all participating centers. The observed variation in CTV delineation led to agreement on a new (image-based) delineation
guideline to be used by all participating centers within the PERYTON trial.
© 2023 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Salvage external beam radiation therapy (sEBRT) is an
established treatment option for patients with a biochemical
recurrence after radical prostatectomy. Nevertheless, the 5-year
biochemical progression-free survival rate is approximately
60%.1,2 The PERYTON trial (ClinicalTrials.gov identifier:
NCT04642027), a phase 3 randomized controlled trial (RCT),
will investigate the potential benefit of a hypofractionated post-
prostatectomy sEBRT schedule of 20 £ 3 Gy compared with
the standard of 35 £ 2 Gy. Detailed protocol information is
already published.3

Protocol variations within an RCT are proven to negatively
affect patients’ clinical outcome, and pretrial quality assurance
(QA) programs have been shown to be an excellent tool to
guarantee a high level of protocol compliance within a multi-
center RCT.4-6Additionally, the PERYTONprotocol describes
tight dose constraints based on state-of-the-art radiation ther-
apy. Such constraints should be assessed for feasibility in all
participating centers (as a condition to start patient inclusion)
to ensure safe, high-quality treatment plans.3

For these reasons, a pretrial QA program of the PERY-
TON trial was undertaken with the aim to ensure protocol
compliance and reliability of radiation treatment at all
steps of the trial and uniform treatment techniques across
the participating centers.

Materials and Methods
Completion of the QA program was mandatory for
each center before starting the inclusion of patients. The
QA program evaluated multiple elements of sEBRT using
the following 3 steps:

1. A questionnaire on the current (pretrial) center-spe-
cific radiation therapy sEBRT treatment protocol

2. A delineation benchmark exercise for organs at risk
(OARs) and clinical target volume (CTV)

3. A treatment-planning benchmark exercise

Questionnaire

The questionnaire was designed to detect interinstitu-
tional treatment variation in sEBRT and consisted of 20
questions on the current (pretrial) local sEBRT treatment
protocols used within each participating center (N = 9)
(Appendix E1).
Delineation benchmark exercise

All centers received an identical anonymized planning
computed tomography (CT) scan of a postprostatectomy
patient eligible for the PERYTON trial. The CT-scan was
downloaded in DICOM format from a central server by
the participating institutions and loaded into their local
delineation systems. Centers were instructed to delineate
the CTV according to their locally used delineation guide-
line, because the PERYTON protocol allows all published
guidelines for CTV delineation.7-11 OARs were delineated
in compliance with the PERYTON protocol.3 The
received contours were compared based on volume and
analyzed using the Dice similarity coefficient (DSC) and
the 50th and 95th percentile Hausdorff distance (HD50
and HD95, respectively) for all observer pairs. The DSC,
defined as the volume of the union of the compared con-
tours normalized by the average of the 2 volumes, ranges
from 0 to 1; a value of 0 indicates no overlap, and a value
of 1 means that the contours are perfectly matched. The
HD50 and HD95 are the percentiles obtained from the
distribution of shortest distances between 2 contours
using all contour points; a smaller HD value signifies
more similar contours.
Planning benchmark exercise

For the treatment-planning exercise, centers were pro-
vided with an identical predelineated planning CT scan of
a patient eligible for the PERYTON trial. The CT scan was
downloaded in DICOM format from a central server and
loaded into each participating institution’s local treatment
planning system. The OARs were predelineated as per
PERYTON protocol and the CTV was predelineated
according to the guideline of the Genitourinary Radiation
Oncologists of Canada (GUROC).3,9 Centers were asked to
generate a treatment plan for the hypofractionated treat-
ment arm in accordance with the PERYTON protocol,
using a planning target volume (PTV) margin according to
their local protocol (Table 1).3 Submitted treatment plans
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Table 1 Overview of the PERYTON trial protocol dose
constraints per treatment arm

Target / Organ Arm 1 (35 £ 2 Gy) Arm 2 (20 £ 3 Gy)

CTV V95 ≥ 100% V95 ≥ 100%

PTV V95 ≥ 99% V95 ≥ 99%

Rectum V70 < 5% V60 < 5%

< 15% V55 <15%

Rectal wall V30 < 80% V25 < 80%

V41 < 50% V35 < 50%

V60 < 25% V50 < 25%

Dmean < 30 Gy Dmean < 25 Gy

Anus Dmean < 25 Gy Dmean < 22 Gy

Anal wall V30 < 30% V25 < 30%

Bladder Dose0.1cc < 105% Dose0.1cc < 105%

V70 < 25% V60 < 25%

V60 < 50% V50 < 50%

Femoral head V55 < 10% V45 < 10%

Penile bulb ALARA ALARA

Abbreviations: ALARA = as low as reasonably achievable;
CTV = clinical target volume; PTV = planning target volume;
Vx = volume receiving x dose.
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were reviewed for protocol variations, of which minor pro-
tocol variations were accepted and major variations
required resubmission. Variations exceeding ≤5% the PER-
YTON protocol OAR dose constraints were considered
Table 2 Outcomes of the questionnaire concerning the treatm

Variable Centers, No. Variable

Patients/y, No. CTV guideline

10-20 1 EORTC

20-40 3 RTOG

>40 5 GUROC

Follow-up Positioning

3 mo 1 Knee support

1 y 1 Foot lock

3 y 1 Mattress

5 y 6 Head support

Planning imaging Preparation

CT 9 Markers

MRI, dedicated 4 Rectal balloon

- Bisacodyl, 10 mg

- Full bladder

Abbreviations: CT = computed tomography; CTV = clinical target volume;
Cancer; GUROC = Genitourinary Radiation Oncologists of Canada; IMRT
imaging; PTV = planning target volume; RTOG = Radiation Therapy Oncolo
minor, and only rectal volumes exceeding the protocol by
>5% were considered major (Table 1). Variation in PTV
coverage was accepted if it was necessary to meet the OAR
constraints, provided that at least 95% of the PTV should
receive 95% of the prescribed dose.3
Results
Questionnaire

All 9 participating centers (of 18 Dutch radiation therapy
centers) responded to the questionnaire. Three centers used,
as the standard of care, moderately hypofractionated sEBRT
(28-30 £ 2.25-2.5 Gy). Five centers used the conventional
treatment schedule of the PERYTON trial (35 £ 2 Gy), and
1 center used 36 £ 2 Gy. For delineation of the CTV, cen-
ters used 3 different guidelines: (1) the guidelines of the
European Organization for the Research and Treatment of
Cancer (EORTC) (4 centers), (2) the guidelines of the Radi-
ation Therapy Oncology Group (RTOG) (4 centers), and
(3) the CTV definition from GUROC (1 center).7-9 All
answers are summarized in Table 2.

A variety of patient preparation methods were used.
Two centers used an endorectal balloon, of which 1 used
bisacodyl, 10 mg, for rectal preparation. Two centers
placed markers in the prostate bed before treatment. The
applied CTV-PTV margins varied from 5 to 10 mm. Eight
centers used volumetric-modulated arc therapy as the
treatment-planning technique, and 1 used intensity
ent protocols for salvage radiation therapy

Centers, No. Variable Centers, No.

PTV margin, mm

4 5 1

4 7 2

1 9 1

10 5

9 Planning technique

3 VMAT 8

0 IMRT 1

3 Verification technique

Online 6

2 Offline 3

2 Registration

1 Surgical clips 3

9 Bony anatomy 6

EORTC = European Organization for the Research and Treatment of
= intensity modulated radiation therapy; MRI = magnetic resonance
gy Group; VMAT = volumetric-modulated arc therapy.



Figure 1 All submitted clinical target volume contours in the delineation exercise. Each color represents a participating
center in the (A) sagittal plane, (B) axial plane, and (C) coronal plane.
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modulated radiation therapy. Three different treatment-
planning systems were used: 2 centers used Pinnacle (Phi-
lips), 4 used RayStation (RaySearch Laboratories), and 3
used Eclipse (Varian). In 4 centers, position verification
was carried out using online verification with daily cone
beam computed tomography (CBCT). Two centers per-
formed CBCT only during the first week and before the
first fraction of every week. Offline verification protocols
using CBCT, 2D kilovoltage (kV), or megavoltage (MV)
imaging were used by 3 centers. All centers indicated that
they conduct QA procedures for treatment planning on a
randomized basis.
Delineation benchmark exercise

All inclusion centers (n = 8) completed the delineation
benchmark exercise; the submitted contours are depicted
in Fig. 1. The volumes of the CTV ranged from 29 cm3 to
167 cm3, with the largest variation shown in the superior
boundary (Fig. 1). The CTV volumes delineated accord-
ing to the EORTC guideline (4 centers) ranged from 29
cm3 to 69 cm3, whereas the CTV volumes delineated
according to the RTOG guideline (3 centers) had a wider
range (32 cm3 to 148 cm3).7,8 All CTV contours resulted
in a mean pairwise DSC of 0.52 (median, 0.52; range,
0.27-0.89) and a mean HD95 and HD50 value of
24.4 mm and 2.3 mm, respectively, indicating low agree-
ment in the delineation of the CTV.

All centers delineated the OARs according to the PER-
YTON protocol, and the delineation of the rectum and
bladder did not show any systematic variation, resulting
in an average pairwise DSC of 0.85 and 0.96, respectively
(Fig. 2). The pretrial QA delineation results were pre-
sented and discussed with the participating centers during
a consensus meeting, and all centers agreed on the need
for a new, unambiguous, and consistent definition of the
CTV.
Treatment-planning benchmark exercise

All 8 inclusion centers completed the treatment-plan-
ning exercise. All treatment plans met both the PTV and
CTV coverage constraints. Seven treatment plans met all
dose constraints of the OARs, of which 5 reported
(acceptable) minor protocol variations of rectal and blad-
der constraints (Fig. 3). One treatment plan showed a
major protocol variation exceeding the rectal-wall dose
constraint by 6.25% (V50 <25%) and a PTV coverage of
99% of the prescribed dose. The dose-volume histograms
for rectum and bladder for all treatment plans are pre-
sented in Fig. 4. A plan adaptation with lower PTV cover-
age (according to protocol) was advised, and the
resubmitted plan was according to protocol, with a PTV
coverage of 98%.3
Discussion
The pretrial QA of the PERYTON trial demonstrated
that the dose constraints of the PERYTON protocol are
feasible and clinically applicable in all centers. Despite
that the participating centers were not familiar with the



Figure 2 Box-and-whisker plot of the mean pairwise dice similarity coefficient (DSC), pairwise 50% Hausdorff distance
(HD), and 95% HD of the submitted clinical target volumes (CTVs) and organs at risk.
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use of the tight PERYTON dose constraints, all centers
were able to meet the PERYTON protocol. Furthermore,
the QA identified variable but high-quality and state-of-
the-art radiation therapy infrastructures, treatment-plan-
ning systems, and verification protocols in each
participating center. However, significant variability in
the delineation of the CTV was found, with a wide range
in volume of 29 cm3 to 167 cm3.

The current PERYTON trial protocol allows all pub-
lished CTV delineation guidelines for sEBRT, because the



Figure 3 Number of protocol variations within the 8 submitted treatment plans.

Figure 4 Dose-volume histograms for rectum (solid) and
bladder (dashed) for all centers. Each color represents a
participating center.
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study is performed in different centers using different
delineation guidelines. However, these guidelines have
important differences in the definition of the boundaries
of the CTV.7-13 Studies evaluating these delineation guide-
lines reported major intraobserver and interobserver vari-
ability, which points out the difficulty in interpretation of
the per-guideline prescribed anatomic landscape.14-16

These variabilities are underlined in our observed interob-
server differences in the delineation of the CTV. Because
major deviations in CTV delineation may lead to a higher
risk of toxicity, it is of high importance to use a conse-
quent, uniform, and imaging-based delineation guideline
for the CTV, especially in the framework of conducting
an RCT.16,17 Therefore, for upcoming clinical trials focus-
ing on postprostatectomy sEBRT, it is advisable to con-
sider adopting a single comprehensive CTV guideline.
Acceptance of all existing delineation guidelines could
be a shortcoming of the PERYTON trial, but is also a
practical consideration fitting to Dutch clinical practice.
Moreover, the obligation of only 1 specific guideline
within the study does not guarantee a uniform CTV delin-
eation; our results reported significant interobserver vari-
ation with the use of the same guideline (in 2 different
centers). This issue was also demonstrated in the postin-
clusion QA of the SAKK 09/10 trial, with a protocol devi-
ation in 48.8% of cases (using only the EORTC guideline
for CTV delineation).16,17

To improve consistency in CTV delineation in the
PERYTON study, a new and consequent (based on pros-
tate-specific membrane antigen positron emission tomog-
raphy / CT scan) CTV definition (the PERYTON
delineation guideline) has been developed and will be
implemented and submitted for publication soon.

Because of its multicentric design, the PERYTON trial
aims to treat patients with prostate cancer on different
types of linear accelerators available in the Netherlands
with different position verification equipment. Therefore,
the study protocol allows a small range in CTV-PTV mar-
gins (5-8 mm).3 As we strive for uniformity of all ele-
ments of the sEBRT treatment within the PERYTON
trial, the PTV margin range is a subject of research at this
moment.

The results of the questionnaire highlighted some gaps
in our current knowledge about the use of preparation in
postprostatectomy sEBRT. All participating centers used
almost identical bladder preparation protocols, whereas
rectal preparation methods (the use of diet, laxation, or
endorectal balloons) varied. Data on rectal preparation
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methods in the postprostatectomy setting is sparsely
reported with different results, which is why all rectal
preparation methods are allowed within the PERYTON
trial.18,19 The verification protocols used in the participat-
ing centers were, as expected, variable and depended on
the available equipment. In all centers, advanced, state-of-
the-art verification protocols are in use.

A shortcoming of this study was that only 1 clinical
case was used, which might not reflect the range of clinical
practice in patients with different anatomic and patho-
logic features. In view of workload, the use of 1 represen-
tative clinical case was requested by the participating
centers. To continuously improve the protocol adherence
within the PERYTON trial, a prospective individual case
review will be performed after including the first 20
patients per center during the inclusion period.
Conclusion
The pretrial QA of the PERYTON trial demonstrated
the high feasibility of the dose constraints in the PERYTON
protocol and showed that high-quality treatment techniques
are in use in each participating center. Our results identified
a significant variability in the delineation of the CTV. The
implementation of the new CTV delineation guideline as
soon as possible is expected to improve the consistency in
delineation. The ongoing QA program will ensure contin-
ued protocol compliance during the PERYTON trial.
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