
Spohn et al. BMC Cancer          (2022) 22:337  
https://doi.org/10.1186/s12885-022-09434-2

RESEARCH

Feasibility, pitfalls and results of a structured 
concept-development phase for a randomized 
controlled phase III trial on radiotherapy 
in primary prostate cancer patients
S. K. B. Spohn1,2,3*, S. Adebahr1,2, M. Huber4, C. Jenkner4, R. Wiehle5,2, B. Nagavci6, C. Schmucker6, E. G. Carl7, 
R. C. Chen8, W. A. Weber9, M. Mix10,2, A. Rühle1,2, T. Sprave1,2, N. H. Nicolay1,2, C. Gratzke11,2, M. Benndorf12,2, 
T. Wiegel13, J. Weis14,2, D. Baltas5,2, A. L. Grosu1,2 and C. Zamboglou1,2,3,15 

Abstract 

Objective: Failure rate in randomized controlled trials (RCTs) is > 50%, includes safety-problems, underpowered 
statistics, lack of efficacy, lack of funding or insufficient patient recruitment and is even more pronounced in oncology 
trials. We present results of a structured concept-development phase (CDP) for a phase III RCT on personalized radio-
therapy (RT) in primary prostate cancer (PCa) patients implementing prostate specific membrane antigen targeting 
positron emission tomography (PSMA-PET).

Materials and methods: The 1 yr process of the CDP contained five main working packages: (i) literature search and 
scoping review, (ii) involvement of individual patients, patients’ representatives and patients’ self-help groups address-
ing the patients’ willingness to participate in the preparation process and the conduct of RCTs as well as the patient 
informed consent (PIC), (iii) involvement of national and international experts and expert panels (iv) a phase II pilot 
study investigating the safety of implementation of PSMA-PET for focal dose escalation RT and (v) in-silico RT planning 
studies assessing feasibility of envisaged dose regimens and effects of urethral sparing in focal dose escalation.

Results: (i) Systematic literature searches confirmed the high clinical relevance for more evidence on advanced RT 
approaches, in particular stereotactic body RT, in high-risk PCa patients. (ii) Involvement of patients, patient repre-
sentatives and randomly selected males relevantly changed the PIC and initiated a patient empowerment project for 
training of bladder preparation. (iii) Discussion with national and international experts led to adaptions of inclusion 
and exclusion criteria. (iv) Fifty patients were treated in the pilot trial and in- and exclusion criteria as well as enroll-
ment calculations were adapted accordingly. Parallel conduction of the pilot trial revealed pitfalls on practicability and 
broadened the horizon for translational projects. (v) In-silico planning studies confirmed feasibility of envisaged dose 
prescription. Despite large prostate- and boost-volumes of up to 66% of the prostate, adherence to stringent anorec-
tal dose constraints was feasible. Urethral sparing increased the therapeutic ratio.
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Introduction
Randomized controlled trials (RCTs) are the backbone 
of evidence-based medicine and are needed to establish 
novel therapeutic or diagnostic procedures. However, 
the failure rate for phase II and III trials are approxi-
mately 70 and 50%, respectively and can arise from dif-
ferent issues such as safety-problems, underpowered 
statistics, lack of efficacy, lack of funding or insufficient 
patient recruitment [1, 2]. This phenomenon is even 
more pronounced in oncology trials [3]. Consider-
ing the impact on the cancer patients’ lives as well as 
the personal and cost intensiveness of RCTs a reduc-
tion of the failure rate is warranted. Failures in RCTs 
are caused from lacking efficacy, safety issues, lack of 
funding to complete a trial, as well as problems with 
patient recruitment, enrollment and retention [2]. All 
these issues have to be addressed by a robust study pro-
tocol, which considers all possible pitfalls. For exam-
ple, Getz et  al. reported that more than 40% of study 
protocols were amended prior to the first visit, and one 
third of amendments were avoidable. Protocol amend-
ments lead into unplanned expense, delays and unex-
pected burden for investigative sites [4]. Consequently, 
a proper conceptualization and design of a RCT and its 
protocol is crucial and may avoid delays or even failure 
of the entire study.

In this manuscript, we present the feasibility, the 
pitfalls and the results of a concept-development 
phase (CDP) for a study protocol of a phase III trial on 
image-guided stereotactic body radiotherapy (SBRT) 
in primary localized prostate cancer (PCa) patients 
(HypoFocal-SBRT). The study will compare moderately 
hypofractionated radiotherapy (MHRT) and focal dose 
escalated (SBRT) based on information of multimodal 
diagnostic imaging. The clinical and theoretical ration-
ale of the HypoFocal-SBRT study is based (i) on the cur-
rent evidence to use SBRT [5, 6] and (ii) the suggested 
improved tumour control of focal dose escalation [7]. 
Additionally, (iii) our group and others performed 
histology-imaging comparison studies, demonstrating 
that the combined usage of multiparametric magnet 
resonance tomography (mpMRI) and positron emission 
tomography targeting the prostate specific membrane 
antigen (PSMA-PET) improves the PCa detection 
and provides complimentary spatial information [8–
13]. Thus, implementation of both imaging methods 
into RT planning might significantly affect focal dose 

escalated regimens, might improve tumor coverage in 
focal therapy approaches and builds the foundation for 
the HypoFocal-SBRT trial.

The aim of the one-year lasting CDP process was to 
finalize a study protocol based on the input of different 
health care professionals as well as patients and patient 
representatives. Based on this, five main working pro-
grams (WPs) were initiated:

 i. Literature search and scoping review
 ii. Involvement of individual patients, patients’ repre-

sentatives and patients’ self-help groups
 iii. Involvement of national and international experts 

and expert panels
 iv. A pilot study
 v. In-silico radiotherapy planning studies

During the CDP the study protocol was created and 
simultaneously a dynamic framework of the different 
WPs provided the input for modifications or clarifica-
tions (Fig.  1). Thus, upcoming results of the WPs could 
influence the study preparation process at several time 
points and at several stages of CDP. Finally, results and 
conclusions from all working programs ended up into a 
final version of the study protocol including a statistical 
analytic plan. This version was sent to local Ethic com-
mittees and to the Bundesamt für Strahlenschutz (BfS, 
Ministry for radiation protection, Germany) for review.

Methodology
In the following section the applied methodology of the 
respective WPs will be described in detail. If not sepa-
rately indicated, all methods were carried out in accord-
ance with relevant guidelines and regulations.

Literature searches and the scoping review
The aim of this work was to systematically identify and 
explore published, unpublished and ongoing studies 
including study protocols related to the HypoFocal-SBRT 
radiation treatment concepts in patients with unfavora-
ble intermediate- or high-risk prostate cancer, through 
a scoping review. In contrast to a systematic review that 
is focusing on the question “what works?” and is estimat-
ing the effects for interventions, questions for a scoping 
review are broader focusing on “what interventions have 
been studied?”, and/or “in what populations or settings 
have these interventions been studied?”, and/or “what 

Conclusion: The dynamic framework of interdisciplinary working programs in CDPs enhances robustness of RCT 
protocols and may be associated with decreased failure rates. Structured recommendations are warranted to further 
define the process of such CDPs in radiation oncology trials.
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outcomes have been addressed?”. The current study pool 
was systematically screened to fully understand the 
current state of research and the context in which the 
treatment of patients with PCa has been studied. There-
fore, this systematic approach allowed us (i) to confirm 
research gaps and (ii) to identify further areas appropri-
ate for a clinical study. Furthermore, pitfalls occurring in 
other studies or study protocols were identified.

Systematic searches for relevant published studies 
were conducted on the 24th and 25th of February 2020 
in Medline, Web of Science Core Collection, Cochrane 
Library and Science Direct (via Elsevier). Ongoing or 
completed unpublished studies were searched in clini 
caltr ials. gov and the German study register (www. drks. 
de). The identified lliterature was screened after prede-
fined inclusion/exclusion criteria and key study data were 
extracted of studies meeting inclusion criteria. Inclusion 
criteria were studies with adult patients with localized 
prostate cancer. External beam radiotherapy (EBRT) to 
the prostate with focal boost was considered as inter-
vention and EBRT to the prostate without focal boost 
or with different dosages were considered as compara-
tors. Patients with distant metastases or patients under 
18 years of age were excluded.

Since the final fractionation scheme for the experimen-
tal arm was determined after conduction of the scoping 
review, the trial team additionally performed a narra-
tive literature research including SBRT for primary PCa. 

Therefore the primary databases Pubmed and EMBASE 
were searched using the MESH terms “prostate cancer”, 
“radiotherapy”, “hypofractionation”, “SBRT” and “focal 
dose escalation” and combining them with Boolean oper-
ators (AND, OR).

Involvement of individual patients, patients’ 
representatives and patients’ self‑help groups
This work was divided into two phases. In the first phase, 
the general patients’ willingness to participate in the 
preparation process and in the conduct of RCTs as well 
as the type of patient-participation [14] was assessed. The 
study team visited meetings of two local patient self-help 
groups and a structured teaching session (power point 
presentation for approximately 45 min) was conducted to 
explain the main aims and principles of RCTs like end-
point definition, ex−/ inclusion criteria and randomi-
zation. Only patients with biopsy-confirmed PCa were 
subsequently asked to fill in a questionnaire. The answers 
were scaled from 1 (absolutely agree) to 5 (absolutely dis-
agree). In parallel, the study team (CZ, JW, SA and ALG) 
interviewed a national patient representative (EGC).

In the second phase, randomly selected PCa patients 
undergoing PCa radiotherapy (RT) at the Department 
of Radiation Oncology in Freiburg (n = 10), randomly 
selected males without cancer in the same age as poten-
tial patients (n = 10) and a patient representative (EGC) 
reviewed the study documents, focussing on the patient 

Fig. 1 illustrates the dynamic framework of the different work packages during the concept development phase. Abbreviations: MHRT 
Moderately-hypofractionated radiotherapy, SBRT Stereotactic body radiotherapy, PCa Prostate cancer, RCT  Randomized controlled trial, CDP Concept 
development phase, IGRT  Image-guided radiotherapy, PIC Patient informed consent, mpMRI Multiparametric magnetic resonance imaging, PSMA 
PET/CT Prostate-specific membrane antigen positron emissions-tomography and computed tomography

http://clinicaltrials.gov
http://clinicaltrials.gov
http://www.drks.de
http://www.drks.de
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informed consent (PIC) forms. A questionnaire (using 
the same 1–5 scale as described above) was given and 
interviews were conducted. Finally, changes in the study 
documents were performed and a concept for a patient 
empowerment programme was designed according to 
the respective suggestions.

All questionnaires were anonymized and the entire 
work was approved by the local ethics committee of the 
Albert-Ludwigs-University Freiburg (No.: 20–1052). 
Written informed consent was obtained.

Involvement of national and international experts 
and expert panels
The initial study synopsis was presented and discussed 
with the PCa expert panel of the German Society for 
Radiation Oncology (DEGRO) in January 2020. Subse-
quently, all members were asked to complete a ques-
tionnaire focusing on the inclusion−/exclusion criteria 
and the RT concept. During the CDP, the SBRT concept, 
the image-guidance (IGRT) concept, the multiparamet-
ric magnet resonance tomography (mpMRI) acquisition 
protocol and the positron emission tomography target-
ing prostate specific membrane antigen (PSMA PET/
CT) acquisition protocol were discussed thoroughly 
with international and national PCa experts. Finally, an 
advanced version of the study synopsis was presented 
and discussed with the FLAME trial consortium [7, 15].

Pilot study
The HypoFocal phase II study (DRKS00017570) started 
in June 2019 with two study centers (Freiburg and Berlin) 
and prospectively enrolled 50 patients in two study arms 
until January 2021. Aim of this study was to investigate 
the safety of PSMA-PET implementation in focal therapy 
planning. Therefore patients with unfavorable-interme-
diate and high-risk PCa and cN0/cM0 stage in mpMRI 
and PSMA-PET/CT were included. Patients in arm A 
were treated with MHRT of 60 Gy in 20 fractions and 
simultaneous boost to the MRI- and PET intraprostatic 
tumour mass (ITM) up to 75 Gy. Patients in Arm B were 
treated with focal dose escalated high-dose rate brachy-
therapy of 15 Gy to the prostate and 19 Gy to the MRI- 
and PET-defined ITM, followed by external beam RT 
to the entire prostate. The study was approved from the 
local ethics committee of the Albert-Ludwigs-University 
Freiburg (No.: 266/18) and the federal office for radiation 
protection in Germany (22,464/2019–003-G). Written 
informed consent was obtained from every patient. End-
points of this study were analysis of safety, quality of life 
and evaluation of the feasibility of patient recruitment 
and integration of advanced imaging methods such as 
mpMRI and PSMA-PET/CT into the RT planning pro-
cess. Potential pitfalls and problems, which occurred for 

the participating centers during the pilot study phase, 
were discussed in study meetings.

In‑silico radiotherapy planning studies
In the first step several RT dose constraints for the adja-
cent organs at risk (OARs) (e.g. bladder and rectum) as 
well as prescription doses for the target volumes (e.g. 
prostatic gland, intraprostatic tumor) were collected 
based on the results of the scoping review (2.1), a narra-
tive literature research and the discussion with experts 
and expert panels (2.3). RT planning for the obtained 
dose constraints and prescription doses for both study 
arms was tested for feasibility in 15 selected cases in 
Eclipse v15.1 planning software (Varian, USA). There-
fore, RT planning according to final dose concepts and 
constraints was performed in 5 cases for each dose con-
cept (standard arm 1: MHRT with 62 Gy in 20 fractions, 
standard arm 2: MHRT with 60 Gy in 20 fractions and 
experimental arm: focal dose escalated SBRT with 35 Gy 
to the prostate and 42 Gy to the ITM in 5 fractions). The 
recently published dose constraints of the CHHiP trial 
for rectum were applied for MHRT [16]. Examples of 
SBRT and MHRT planning are included in Fig. 2.

In the second step radiobiological modelling (RM) was 
used to assess the therapeutic ratio of the applied RT 
regimen. RM enables the calculation of the tumor control 
probability (TCP) and the normal tissue complication 
probability (NTCP) in-silico. These models allow con-
sequently the prediction of the potential tumor control 
and occurring toxicities of new RT regimen before being 
applied in cancer patients. The NTCP was calculated in 
dependence of the RT dose distribution in the organs at 
risk: bladder, rectum and urethra according to our pre-
vious publications [17, 18]. Additionally, the TCP was 
calculated under consideration of the dose distribution 
in the intraprostatic tumor mass in co-registered histo-
pathology reference (19, 20). Complication free tumour 
control probability (P+) was calculated. Ten patients 
were included in this study. The study was approved from 
the local ethics committee of the Albert-Ludwigs-Univer-
sity Freiburg (No.: 469/14) and written informed consent 
was obtained from every patient. Please see our previous 
publication [18] for methodological details.

Results
Literature search and scoping review
In total, the literature search identified twentyone studies 
(nineteen completed and two ongoing studies).

Five published phase III studies focused on MHRT 
[21–25]. The target population of interest, patients at 
high-risk and unfavorable-intermediate risk (according 
to NCCNv2.2021), represented only approximately 20% 
of the included patients. Subgroup analysis including 
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high risk-patients showed biochemal relapse free suvival 
rates (bRFS) ranging between 80.5% in the HYPRO trial 
[21], 83% in the trial by Arcangeli et al. [22], and 84% in 
th CHHIP trial [25]. MHRT was well tolerated with low 
rates of grade ≥ 3 toxicities and a good quality of life 
[21–25].

Furthermore, we identified eight published prospective 
studies investigating SBRT in primary PCa patients [5, 6, 
26–31]. Again, high-risk PCa patients represented only a 
minority in the phase III HYPO-RT trial (approximately 
11%) [6] and were not considered at all in the phase III 
PACE-B trial [5]. BRFS rate in the HYPO-RT-PC trial was 
84% for SBRT [6]. Several phase I and II trials reported on 
SBRT in high-risk PCa patients, but did not reach mature 
follow-up time. Additionally, a series of 194 patients of 
which 14% were high risk, reported on insufficient 3-year 
bRFS rates, but used low doses with 35 G in 5 fractions 
[32, 33]. The phase III PACE-C trial (NCT01584258) 
compares conventional RT and SBRT in intermediate- 
and high-risk PCa patients, but recruitment is ongoing 

and no results have been reported yet. Thus no compre-
hensive picture of relapse free survival after SBRT can be 
obtained for this patient population. However, SBRT was 
well tolerated in most of the patients and may be consid-
ered as a safe treatment option associated with a good 
quality of life [34].

Literature searches on focal dose escalated RT iden-
tified two phase III studies investigating RT dose esca-
lation in conventionally fractionated RT. Of these trials, 
the FLAME trial reported long term outcomes with a 7% 
benefit in biochemical failure free survival without signif-
icantly increasing toxicities in the experimental arm [7]. 
The HEIGHT trial (NCT01411332) has not yet reported 
any results.

Moreover, focal dose escalated MHRT was investigated 
in a pilot study by Onjukka et  al. [35] and the phase II 
DELINEATE trial [36] with acceptable toxicitiy pro-
files. Results regarding focal dose escalated SBRT were 
reported by the phase II hypo-FLAME trial [37], a phase 
1a/1b trial by Herrara et al. [38] and the SPARC trial [39]. 

Fig. 2 Scheme of the HypoFocal-SBRT trial and examples of focal dose escalated SBRT and MHRT. The scheme shows the design of the 
experimental and control arm. Details of treatment plans for focal dose escalated stereotactic body radiotherapy (SBRT) (left) and moderate 
hypofractionation (MHRT) (right) are shown. SBRT was planned with a prescription dose of 42 Gy to the boost planning target volume (PTV) 
and 35 Gy to the PTV covering the prostate in 5 fractions. MHRT was planned with a prescription dose of 62 Gy to the PTV covering the prostate. 
Planning organ at risk (PRV) volume of urethra was considered for boost-PTV definition. This exemplary axial slide demonstrates the steep dose 
gradient in focal dose escalated SBRT and the conformal homogenous MHRT. Isodoses are illustrated according to the legend
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The interim analysis of the Italian AIRC-IG-13218 phase 
II trial did not report any grade 3 or 4 toxicities after a 
median follow up of 17 months [40]. These studies dem-
onstrated the feasibility of this treatment approach even 
with higher ablative doses and without acute ≥ grade 3 
toxicities.

The scoping review and narrative literature research 
conducted by the trial team yielded similar results for 
MHRT and focal dose escalation, since neither of the two 
apporaches exclusively identified relevant studies (see 
supplemantary S1 for the scoping review) .

Additionally, prescription doses and dose constraints 
for MHRT and SBRT in primary PCa patients were col-
lected and summarized by the study team under con-
sideration of the previously depicted trials (see Table  1 
for summary of dose prescriptions and constraints for 
SBRT). Based on this information the study team created 
the final dose concepts for both study arms involving an 
internationally renown expert (RCC, see also 3.3).

Involvement of individual patients, patients’ 
representatives and patients’ self‑help groups
After a teaching session on clinical trials during two 
meetings of local self-help groups, 30 completed ques-
tionnaires from respective PCa patients were collected. 

The mean age of the participants was 74 (±6.5) years 
and 5 (17%) patients were still working. The mean year 
of the initial diagnosis was 2014 (±5.5) and 12 (42%) 
patients received an active therapy for PCa when filling 
in the questionnaire. In Table  2a the patients’ willing-
ness for participation in the preparation or conduc-
tion of a RCTs is presented. Most of the patients fully 
agreed that patients should participate in the CDP 
(n = 20, 66.7%) or conduction of a clinical trial (n = 17, 
56.7%). Additionally, most of the patients fully agreed 
that they would participate without financial compen-
sation (n = 16, 53.3%) and that a time expenditure of 
2 h per month is feasible (n = 21, 70%). Regarding the 
type of participation (Table  2b), most of the patients 
fully agreed that they would like to have regular study 
progress meetings with the investigators (n = 15, 50%), 
to be involved in the definition of the study endpoints 
(n = 12, 40%) and exclusion/inclusion criteria (n = 8, 
26.7%). In contrary, most of the patients were neutral 
(n = 12, 40%) whether patients should participate in the 
definition of study specific examinations. In parallel, 
the study team discussed the issue of patients’ partici-
pation in clinical trials with a national patient repre-
sentative (EGC). This discussion also revealed a strong 

Table 1 summarizes dose prescriptions and constraints for stereotactic body radiotherapy as described in the current literature

Study/
Reference

Prescibed doses Rectum Urethra

Herrera et al. 
[38]

36.25 Gy 
(prostate) / 
45–50 Gy (boost)

V25Gy < 20 cc D1cc < 38 Gy D0.1cc < 41 Gy D1cc < 39 Gy D0.1cc < 41

Hypo-FLAME [37] 35 Gy (prostate) / 
50 Gy (boost)

V28Gy < 20% D2cc < 35 Gy D1cc < 38 Gy D0.035cc < 40 Gy D0.035cc < 42 Gy

Zelefsky et al. [41] 35–40 Gy (pros-
tate)

V24Gy < 53%* D1cc* < 38.5 Gy Dmax < 41.2 Gy

PACE B [5] 36.25 Gy (prostate) V29Gy < 20% D1cc < 36 Gy V42 Gy < 50%

NRG GU005 
(NCT03367702)

36.25 Gy (prostate) D0.03cc (Gy) < = 
38.06

D3cc < = 34.4 D10% < =32.63 D20% < = 29 D50% < =38.06

Acceptable < 40 < 36 < 34 < 30 < 40

American Associ-
ation of Physicits 
in Medicine

V25Gy < 20 cc Dmax < 38 Gy

Study/
Reference

Bladder Penile bulb Small bowel

Herrera et al. [38] Dmedian < 20 Gy D1cc < 41 Gy D0.1cc < 45

Hypo-FLAME [37] V28Gy < 20% D5cc < 37 Gy D1cc < 42 Gy D90% < 20 Gy D5cc < 19.5 Gy D0.035cc < 35 Gy

Zelefsky et al. [41] V24Gy < 53%* D15cc < 18.3 Gy D1cc < 42 Gy Dmax < 42 Gy

PACE B [5] V18.1 Gy < 40% D5cc < 37 Gy V29.5 Gy < 50% D1cc < 30 Gy

NRG GU005 
(NCT03367702)

D0.03cc < =38.06 D50% < =18.12 D0.03cc < =30

Acceptable: 
< 40 Gy

< 20 Gy <  33 Gy

American Associ-
ation of Physicits 
in Medicine

D15cc < 18.3 Gy Dmax < 38 Gy D3cc < 30 Gy Dmax < 50 Gy D5cc < 19.5 Gy D0.035cc < 35 Gy
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interest in participation in a CDP and conducting the 
RCT.

Evaluation of the PIC by PCa patients undergoing 
RT demonstrated that most patients fully agreed that 
the actual version of the PIC is comprehensive (n = 6, 
60%), it answers all relevant questions (n = 8, 80%) and 
is clearly structured (n = 7, 70%). Furthermore, most of 
the patients fully agreed with the asked questions (see 
Table 3 for details). Answers of randomly selected males 
not undergoing RT were similar, but the rate of full agree-
ment was slightly lower regarding that the PIC answers 
all relevant questions (n = 5, 50%), explains personals 
risks of participating in the trial (n = 4, 40%) and explains 
treatment alternatives if the patient chooses not to par-
ticipate in the trial (n = 4, 40%). Two patients (20%) and 
one non-irradiated male (10%) disagreed that the PIC 
explains treatment alternatives. See Table  3 for details. 
Furthermore, both groups mentioned wordings diffi-
cult to understand for laypersons, in particular the term 
“focal therapy”.

Involvement of national and international experts 
and expert panels
The survey regarding the initial study synopsis of the 
DEGRO PCa expert panel was completed by 10 pro-
fessionals. See Table  4 for details. The survey showed 

that most experts were convinced that MHRT will be 
the standard therapy for unfavourable-intermediate 
and high-risk PCa patients (n = 5, 56%), that patients 
with Gleason Score (GS) 9 should be included in the 
trial (n = 4, 44%) and that the urethra should be deline-
ated and spared (n = 4, 44%). Asking whether SBRT will 
be the standard therapy for these patients, the expert 
panel was less convinced with n = 4 (44%) answer-
ing neutral and n = 4 (44%) tending to disagree. The 
experts did not provide uniform answers when asking 
whether cT3b patients should be excluded (agreeing: 
n = 3, 33%), whether administration of ADT for 6 and 
18 months for unfavourable intermediate- and high-
risk patients, respectively, is adequate (neutral, n = 4, 
44%) and whether pelvic lymph nodes should elec-
tively be irradiated in patients staged cN0 with PET and 
MRI but high risk for nodal disease (disagreeing, n = 3, 
33%). Most experts disagreed that unfavourable inter-
mediate- and high-risk patients won’t be treated with 
MHRT, but with brachytherapy instead (n = 5, 56%) 
and that patients with cT3a stage should be excluded 
in this study (n = 6, 67%). Furthermore, the initial dose 
concept and dose constraints for OARs as well as spe-
cific PSA-value thresholds as inclusion criteria were 
thoroughly discussed. The final SBRT dose concept 
for target volumes and OARs and the concepts for 

Table 2 shows the answers of patients regarding general willingness to participate in the preparation process and in the conduction 
of RCTs (2a) as well as the type of participation (2b)

n total Fully agree
(1)

partially agree
(2)

neutral
(3)

partially 
disagree
(4)

fully disagree
(5)

No answer

a – general willingness to participate
Patients should participate in the
CDP of a clinical trial

30 67% 17% 17% 0% 0% 0%

Patients should participate in the
conduction of a clinical trial

30 57% 27% 7% 10% 0% 0%

The involvement of patients improves
the quality of clinical trials

30 50% 33% 13% 3% 0% 0%

I would participate in the CDP/conduction
of a clinical trial without financial compensation

30 53% 20% 20% 3% 0% 3%

A time expenditure of 10 h
per months would be feasible

30 23% 7% 7% 10% 50% 3%

time expenditure of 2 h
per months would be feasible

30 70% 13% 10% 0% 7% 0%

b – type of participation
Patients should be involved in definition of study 
endpoints

30 40% 17% 27% 7% 3% 7%

Patients should be involved in definition of inclusion/
exclusion criteria

30 27% 17% 13% 23% 13% 7%

Patients should be involved in definition of
study specific procedures/examinations

30 17% 30% 40% 3% 3% 7%

Patients should visit meet regularly with the investigators 
to obtain updates

30 50% 37% 7% 3% 0% 3%
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image-guidance during SBRT were further discussed 
with an internationally renowned expert for PCa SBRT.

Discussion of the final study synopsis with the FLAME-
expert consortium confirmed the previous considera-
tions. There was no relevant dissent regarding inclusion/
exclusion criteria, dose concepts and RT delivery 
procedures.

Pilot study
During the pilot study a total of 122 patients were 
screened, of which the most common reasons for exclu-
sion, despite patients willingness to participate, were 
previous transurethral resection of the prostate (TURP, 
n = 15), cN+/cM+ stage after completion of staging with 
PSMA-PET/CT (n = 12) and GS = 9 (n = 10). Finally, 
50 patients were included the HypoFocal Phase II trial 
between June 2019 and January 2021. In- and exclu-
sion criteria for the HypoFoca-SBRT study were adapted 
based on these experiences. To properly represent high-
risk PCa patients we decided to include patients with 
GS = 9. Since many patients were excluded due to prior 
prostate surgery because of urinary retention, we decided 
to only exclude patients who underwent such a proce-
dure within the last 6 months prior to randomization. 

These experiences were considered for recruitment cal-
culations and resulted in a envisaged enrollment of 22 
patients per year and participating centre in the final 
HypoFocal-SBRT trial.

Median planning target volume for the focal dose esca-
lation was 7.8 ml (IQ 5.0–11.8 ml). Median mean dose 
to the boost volume in the MHRT arm was 70 Gy and 
median D90 to the boost volume in the brachytherapy 
arm was 19 Gy. All patients could be treated with respect 
to prescription doses and dose constraints for OARs. 
Toxicities accordging to CTCAE v5.0 and PRO-based 
QOLs were assesed before, during and after therapy. 
Detailed results of the phase II trial will be published sep-
erately after completion of follow up.

The conduction of the phase II trial was hampered by 
the Covid-19 pandemic, resulting in a reduction of face-
to-face doctor-patient contact and telemedical follow 
ups, complicating collection of questionnaires. In addi-
tion, it revealed several pitfalls which were considered 
during design of the HypoFocal-SBRT study and develop-
ment of the protocol: (i) Focus on patient education, also 
regarding compliance in terms of understanding of thera-
peutic procedures (e.g. preparation of bladder and rec-
tum); (ii) Adaptive RT planning to improve RT delivery; 

Table 4 shows the answers of the survey regarding the initial study synopsis of the DEGRO Prostate Cancer expert panel. The patient 
cohort was estimated as cT2-cT3 stage, Gleason-Score 7b-8, PSA < 40 ng/ml and cN0 cM0 stage

In total Fully agree
(1)

partially agree
(2)

neutral
(3)

partially 
disagree
(4)

fully disagree
(5)

No answer

Moderate hypofractionated radiotherapy (regardless of 
focal dose escalation) will be the standard of care for the 
envisaged patient cohort in 10 ten years

9 56% 33% 11% 0% 0% 0%

Patients in the envisaged cohort will not be treated with 
moderate hypofractionated radiotherapy in 10 years, 
since all parients will be treated with SBRT

9 0% 0% 44% 44% 11% 0%

Patients in the envisaged cohort will not be treated with 
moderate hypofractionated radiotherapy in 10 years, 
since all parients will be treated with brachytherapy (at 
least for dose escalation purposes)

9 11% 0% 0% 33% 56% 0%

Patients with cT3a stage should be excluded in the 
clinical trial

9 0% 0% 22% 11% 67% 0%

Patients with cT3b stage should be excluded in the 
clinical trial

9 33% 11% 22% 11% 22% 0%

Patients with gleason score 9 should be excluded in the 
clinical trial

8 50% 13% 0% 0% 13% 25%

Duration of 6 months androgen deprivation therapy for 
unfavorable intermediate risk and 18 months for high 
risk patients is adequate

8 13% 13% 50% 0% 13% 13%

Elective lymph nodes shold be treated in patients with 
cN0 stage according to PET and MRI but high risk of 
nodal disease

7 0% 29% 29% 0% 43% 0%

Urethra should be delineated and spared 8 50% 13% 38% 0% 0% 0%

The proposed dose concept (62 Gy to the whole pros-
tate with focal boost up to 75 Gy in 20 fractions in the 
experimental arm) seems reasonable

10% 10% 20% 60% 0% 0% 10%
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(iii) Application of contouring recommendations for the 
crucial workstep of GTV contouring according to vali-
dated approaches [5, 30, 31]; (iv) detailed explanations 
for contouring, target volume definition, RT planning, 
adaptive planning and image guidance, including alter-
natives in cases of common errors to minimize mistakes 
and to provide a comprehensive manual for participat-
ing physicians and physicists; (v) Definition of a modern, 
central online quality assurance platform to minimize 
inter-observer variabilities in crucial planning steps and 
guarantee uniform treatments across participating cent-
ers; (vi) consideration of inter-reader variabilities and pit-
falls of clinician reported toxicities [42] for finalization of 
the electronic case report form; (vii) close follow up with 
detailed assessment to adequately record relevant events 
(viii); (ix) establishment of clear workflows for manage-
ment of toxicities; and (x) preliminary design of a trans-
lational research program, incentivizing participation of 
study centers and enabling the premature planning of 
additional research programs.

In‑silico radiotherapy planning studies
MHRT planning was successful in all cases. Dose pre-
scriptions and constraints were reached in all cases, 
although some cases with prescription of 62 Gy had large 
prostates (median 60 ml, IQR 38,7–88,7 ml). Dose con-
straints for bladder and rectum were reached in all cases. 
See Table 5 for details. SBRT planning was successful in 
all cases and all dose prescription and constraints were 
reached. Boost volumes were large (median 13,2 ml, IQR 
8.3–21.1 ml). Dose constraints for urethra, bladder and 
rectum were reached in all cases. See Table 6 for details.

Results of RM planning study were published else-
where [18]. Summarized prescriptions doses and con-
straints were reached in all plans, even when sparing of 
planning organ at risk volume for urethra (PRV-Urethra) 
was performed. Urethra-sparing reached significantly 
lower NTCP-Urethra values, without significantly affect-
ing TCP based on co-registered histopathology. Conse-
quently, complication free tumour control probability 
(P+) improved by urethra sparing.

Discussion
Conceptualization and design of a RCT and its protocol 
is pivotal to develop the basis for a successful study. We 
present the conduction and results of the CDP, which 
resulted in the final design and study protocol of the 
HypoFocal-SBRT study (see Fig. 2) and [43]. To our best 
knowledge, this is the first publication systematically 
reporting on these crucial steps including insights into 
currently available clinical trials.

During this approximately one-year lasting process, the 
design of the study was shaped and modified on multiple 
levels to create the final protocol.

Literature searches confirmed the high clinical rele-
vance of the aimed study, since evidence for MHRT and 
SBRT of high-risk PCa patients is scarce. The research 
performed by the trial investigators revealed the clini-
cal need for evidence in hypofractionated RT for high-
risk PCa patients, which was confirmed by the scoping 
review. To the best of our knowledge, no phase III RCT 
investigates focal dose escalated SBRT for primary PCa 
patients. Since (i) MHRT is the new standard treatment 
for localized PCa, (ii) SBRT is emerging, (iii) promising 
oncologic results of focal dose escalation were reported 
and (iv) phase I and II trials demonstrated the feasibil-
ity and tolerability of focal dose escalated SBRT, we 
finally decided to apply these modern RT regimes in the 
HypoFocal-SBRT study. Final dose concepts were devel-
oped, considering recent literature and that boost vol-
umes derived from PET and MRI are significantly larger 
[12, 13] than those from previously reported trials, which 
only used MRI for boost definition [7, 36, 37]. Inclusion 
and exclusion criteria were adapted to develop patient 
cohorts properly filling the lack of evidence and facilitat-
ing a successful recruitment. It should be mentioned, that 
the scoping review added no significant new information 
or aspects compared to the narrative literature research 
performed by the trial team, which can be explained by 
the well-defined scenario of the envisaged study. How-
ever, the scoping review process validated independently 
the theoretical (current evidence of RCTs in the PCa sce-
nario) and technical backbone (RT dose concepts) of the 
study protocol. Additionally, it may provide complemen-
tary information in other study scenarios. Nevertheless, a 
comprehensive literature search by the study team might 
be sufficient for study protocol development, when finan-
cial resources for independent reviews are scarce. Sum-
marizing, an extensive literature search is imperative and 
should be updated throughout the CDP to take recent 
developments and trends into account, avoiding an out-
dated trial design.

Patient empowerment and involvement was a key 
aspect during the CPD, acknowledging the patients con-
tribution to clinical trials and considering multiple levels 
of therapeutic individualization. Therefore, we integrated 
patients on two levels, via contacting local patients and 
patient groups as well as a German national patient rep-
resentative. Systematic record of patients’ opinion for 
RCT conduction showed a high willingness to participate 
in RCTs and CDP of those trials. Regular progress meet-
ings and continuous meetings with patient and patient 
representatives might be effective tools to overcome 
patient’s uncertainties. Since the PIC is a pivotal element 
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for patient information, systematic evaluation of the PIC 
by patients and randomly selected males allowed us to 
improve deficiencies regarding treatment alternatives, 
risks of participation and patient-friendly wordings. In 
this aspect, feedback of males not undergoing RT was of 
particular importance since they were more critical and 
their knowledge of RT is similar to those of patients at 
initial visit. The interview with national patient repre-
sentative EGC was of particular use, since an empower-
ment project for training of adequate bladder preparation 
aroused out of this cooperation. This project aims to 
improve patient compliance and genitourinary toxicities. 
Summarizing, the intensive involvement of patients and 
representatives significantly improved the study teams 
understanding of patient preferences, the quality of the 
PIC, and facilitated interesting cooperation. Enhance-
ment of this work package is likely to contribute signifi-
cantly to a successful patient enrolment and should be 
augmented with more participants in future CDPs of 
radiooncological trials.

Discussion with national and international expert pan-
els greatly influenced the CDP and controversial aspects 
such as duration of ADT and RT of elective lymph nodes 
were debated, which supports the requirement of further 
RCTs to provide answers for distinctive clinical ques-
tions. The final design of the HypoFocal-SBRT study, in 
particular the development of inclusion and exclusion 
criteria, dose concepts, treatment delivery and image 
guidance benefited from these meetings. The Covid-19 
pandemic has led to a rapid implementation of video 
conferences, which facilitates national and international 
conferences. Overcoming distances, we plead for a con-
tinuous and generous use of these applications in future.

The experience of the HypoFocal phase II trial sug-
gests that the implementation of PSMA-PET into focal 
dose escalated RT is safe and was considered for recruit-
ment calculations for the HypoFocal phase III trial. The 
recruitment experiences let the envisaged enrolment of 
22 patients per year and participating center seems rea-
sonable. The presented pitfalls were addressed in the 
development of the HypoFocal-SBRT study protocol 
resulting in a comprehensive document. The parallel con-
duction of the study protocol and the phase II trial led 
to greater focus on practicability of the HypoFoca-SBRT 
protocol and broadened the horizon of translational pro-
jects. Summarizing this work package was crucial for 
the CDP and prepared the trial team for the continuous 
impairment of clinical trial conduction due to the Covid-
19 pandemic. This includes expansion of telemedical 
consultations and remote trial care.

The in-silico RT planning studies demonstrated the 
feasibility of the envisaged dose prescription and con-
straints. Stricter dose constraints proposed by the CHiPP 

consortium for rectum [16] were reached at 62 Gy pre-
scription dose, enabling high-risk PCa patients the 
chance for higher tumor control in the standard arm 
and thereby an adequate control arm. Dose prescrip-
tions and constraints were reached in all SBRT plans with 
focal dose escalation, despite large boost volumes, which 
comprised between 27 to 66% of the prostate volume. 
In parallel, focal dose-escalated SBRT workflows were 
defined aiming for reduction of treatment time and strict 
assessment of intrafractional organ movement. Our RM 
planning study supports the implementation of urethral 
sparing, since it bears the potential to increase the ther-
apeutic ratio. In summary, this work package addresses 
relevant scientific issues and yielded encouraging results, 
that adequate dose distribution and escalation can be 
performed under consideration of strict OAR con-
straints, even in patients with large ITMs. However, RT 
planning of the envisaged study arms might benefit from 
larger sample cohorts and the RM study was performed 
with the initial trial design of dose escalated MHRT. To 
draw direct conclusions for focal dose escalated SBRT an 
additional study should be performed.

Transferring the experiences of the HypoFocal phase II 
trial and our RM planning studies into the clinic, imple-
mentation of PSMA-PET into focal dose escalated RT 
approaches will have great impact on radiotherapy plan-
ning and delivery due to the increase target volumes, but 
also bears great potential due to improved local staging. 
This supports the need for well conducted RCTs to sys-
tematically asses this question.

The process and the evaluation of a CDP has issues. 
First, no structured recommendations on the design and 
the aims of a CDP exist. Second, this process lacks meas-
urable endpoints and criteria to objectively evaluate its 
effects. Thus it remains unclear, whether the CDP and the 
presented practical results will be reflected in improve-
ments of study conduction and results. Consequently, we 
cannot evaluate the CDPs final quality at this moment. 
However, a possible criteria to evaluate the short-term 
effect of a CDP is the response of the respective ethics 
committees. Regarding the HypoFocal-SBRT trial the 
ethic committees from different participating centers had 
only minimal comments to the submitted protocol. The 
CDPs effect on patient recruitment and compliance will 
be evaluated after completion of the HypoFocal-SBRT 
trial. Critical analysis of each working program may fur-
ther improve CDPs in future.

In conclusion, we systematically present the process of 
a one-year lasting CDP of a multicenter RCT for individ-
ualization of RT in primary PCa patients. In our experi-
ence, a dynamic framework of different interdisciplinary 
working programs provided significant input for the fina-
lization of the study protocol. Consequently, a broader 
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implementation of such CDP may enhance the robust-
ness of RCT protocols and may decrease the failure rate. 
We believe that structured guidelines are warranted to 
accurately define the process of such CDPs in radiation 
oncology trials.
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The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12885- 022- 09434-2.

Additional file 1. 

Acknowledgements
We thank Eva Hermann for her excellent support during the entire develop-
ment phase and the members of the Flame consortium for their input in the 
design of this RCT.

Authors’ contributions
S.S., C.Z. and A.G. contributed to conception and design of the study. B. N 
and C.S. performed the scoping review. S.S., S.A., A. G and C.Z. performed the 
literature research. S. S, E. C and C.Z. conducted the involvement of individual 
patients, patients’ representatives and patients’ self-help groups. S.S. R. C, C. 
G, T. W, A.G and C.Z. conducted the involvement of national and interna-
tional experts and panels. S.S., S.A., R. W, M. M, C.G., M.B., D. B, A.G. and C. Z 
were responisble for the pilot study. S. S, R.W, A. G and C.Z. were responsible 
for in-silico planning studies. J.W. and S.A. are responsible for the patient 
empowerment project. S.S. and C.Z. were responsible for conceptualization 
of this manuscript. All authors were part of conzeptualization of the concept 
development phase. S.S. and C.Z. wrote the main manuscript text and Tables. 
S.S. prepared Figs. 1–2. All authors contributed to manuscript revision read 
and approved the submitted version.

Funding
Open Access funding enabled and organized by Projekt DEAL. The HypoFocal-
SBRT concept development phase is funded by the “Federal Ministry of Educa-
tion and Research, (BMBF)” (Grant No. KREBSDEKADE_ST-048) as part of the 
“National Decade against Cancer” program (01KD1901. As part of this S.S., M.H. 
C.J., B. N, C. S A.G. and C.Z. received funding by the Grant No. KREBSDEKADE_
ST-048. S.A. received funding by the “ERA PerMed PersoRad call” (JTC2019). This 
funding source had no role or authority in writing of the manuscript and the 
decision to submit the manuscript for publication.

Availability of data and materials
Data included in this study will be made available by contact with the cor-
responding author on reasonable request.

Declarations

Competing interest.
The authors declare no competing interests.

Ethics approval and consent to participate
Our study was conducted to the ethical guideline of the 1975 Declaration 
of Helsinki. Work packages including human participants were approved 
by the local institutional ethic committee: Involvement of patients and 
representatives No.: 20–1052; Pilot study No.: 266/18; In-silico planning studies 
No.:469/14. Informed consent was obtained from all subjects and/or their 
legal guardian.

Consent for publication.
Not applicable.

Author details
1 Department of Radiation Oncology, Medical Center, University of Freiburg, 
Faculty of Medicine. University of Freiburg, Freiburg, Germany. 2 German 
Cancer Consortium (DKTK). Partner Site Freiburg, Freiburg, Germany. 

3 Berta-Ottenstein-Programme, Faculty of Medicine, University of Freiburg, 
Freiburg, Germany. 4 Clinical Trials Unit, Faculty of Medicine and Medical 
Center, University of Freiburg, Freiburg, Freiburg, Germany. 5 Division of Medi-
cal Physics, Department of Radiation Oncology, Medical Center, University 
of Freiburg, Faculty of Medicine, University of Freiburg, Freiburg, Germany. 
6 Institute for Evidence in Medicine, Medical Center - University of Freiburg, 
Faculty of Medicine, University of Freiburg, Freiburg, Germany. 7 Bundes-
verband Prostatakrebs Selbsthilfe e.V, Freiburg, Germany. 8 Department 
of Radiation Oncology, University of Kansas Cancer Center, Kansas City, KS 5, 
USA. 9 Department of Nuclear Medicine, Klinikum rechts der Isar, Technische 
Universität München, Munich, Germany. 10 Department of Nuclear Medicine, 
Faculty of Medicine, Medical Center, University of Freiburg, Freiburg, Germany. 
11 Department of Urology, Faculty of Medicine, Medical Center, University 
of Freiburg, Freiburg, Germany. 12 Department of Radiology, Faculty of Medi-
cine, Medical Center, University of Freiburg, Freiburg, Germany. 13 Department 
of Radiation Oncology, University Hospital Ulm, Ulm, Germany. 14 Department 
of Cancer Self-Help Research, Comprehensive Cancer Center, Medical Center, 
University Clinic Center, Freiburg, Germany. 15 German Oncology Center, Euro-
pean University of Cyprus, Limassol, Cyprus. 

Received: 23 November 2021   Accepted: 9 March 2022

References
 1. Sacks LV, Shamsuddin HH, Yasinskaya YI, Bouri K, Lanthier ML, Sherman 

RE. Scientific and regulatory reasons for delay and denial of FDA approval 
of initial applications for new drugs, 2000-2012. Jama-J Am Med Assoc. 
2014;311(4):378–84.

 2. Fogel DB. Factors associated with clinical trials that fail and opportunities 
for improving the likelihood of success: a review. Cont Clin Trial Comm. 
2018;11:156–64.

 3. Hui D, Glitza I, Chisholm G, Yennu S, Bruera E. Attrition rates, reasons, and 
predictive factors in supportive care and palliative oncology clinical trials. 
Cancer. 2013;119(5):1098–105.

 4. Getz KA, Zuckerman R, Cropp AB, Hindle AL, Krauss R, Kaitin KI. Measuring 
the incidence, causes, and repercussions of protocol amendments. Drug 
Inf J. 2011;45(3):265–75.

 5. Brand DH, Tree AC, Ostler P, van der Voet H, Loblaw A, Chu W, et al. 
Intensity-modulated fractionated radiotherapy versus stereotactic body 
radiotherapy for prostate cancer (PACE-B): acute toxicity findings from 
an international, randomised, open-label, phase 3, non-inferiority trial. 
Lancet Oncol. 2019;20(11):1531–43.

 6. Widmark A, Gunnlaugsson A, Beckman L, Thellenberg-Karlsson C, 
Hoyer M, Lagerlund M, et al. Ultra-hypofractionated versus convention-
ally fractionated radiotherapy for prostate cancer: 5-year outcomes 
of the HYPO-RT-PC randomised, non-inferiority, phase 3 trial. Lancet. 
2019;394(10196):385–95.

 7. Kerkmeijer LGW, Groen VH, Pos FJ, Haustermans K, Monninkhof EM, 
Smeenk RJ, et al. Focal boost to the Intraprostatic tumor in external beam 
radiotherapy for patients with localized prostate Cancer: results from the 
FLAME randomized phase III trial. J Clin Oncol. 2021;39(7):787–96.

 8. Bettermann AS, Zamboglou C, Kiefer S, Jilg CA, Spohn S, Kranz-Rudolph J, 
et al. [(68) Ga-]PSMA-11 PET/CT and multiparametric MRI for gross tumor 
volume delineation in a slice by slice analysis with whole mount histo-
pathology as a reference standard - implications for focal radiotherapy 
planning in primary prostate cancer. Radiother Oncol. 2019;141:214–9.

 9. Draulans C, De Roover R, van der Heide UA, Kerkmeijer L, Smeenk RJ, Pos 
F, et al. Optimal (68) Ga-PSMA and (18) F-PSMA PET window levelling for 
gross tumour volume delineation in primary prostate cancer. Eur J Nucl 
Med Mol Imaging. 2021;48(4):1211–8.

 10. Eiber M, Weirich G, Holzapfel K, Souvatzoglou M, Haller B, Rauscher I, et al. 
Simultaneous (68) Ga-PSMA HBED-CC PET/MRI improves the localization 
of primary prostate Cancer. Eur Urol. 2016;70(5):829–36.

 11. Kuten J, Fahoum I, Savin Z, Shamni O, Gitstein G, Hershkovitz D, et al. 
Head-to-head comparison of (68) Ga-PSMA-11 with (18) F-PSMA-1007 
PET/CT in staging prostate Cancer using histopathology and Immu-
nohistochemical analysis as a reference standard. J Nucl Med. 
2020;61(4):527–32.

https://doi.org/10.1186/s12885-022-09434-2
https://doi.org/10.1186/s12885-022-09434-2


Page 15 of 15Spohn et al. BMC Cancer          (2022) 22:337  

 12. Spohn S, Jaegle C, Fassbender TF, Sprave T, Gkika E, Nicolay NH, et al. 
Intraindividual comparison between (68) Ga-PSMA-PET/CT and mpMRI 
for intraprostatic tumor delineation in patients with primary prostate can-
cer: a retrospective analysis in 101 patients. Eur J Nucl Med Mol Imaging. 
2020;47(12):2796–803.

 13. Zamboglou C, Kramer M, Kiefer S, Bronsert P, Ceci L, Sigle A, et al. The 
impact of the co-registration technique and analysis methodology 
in comparison studies between advanced imaging modalities and 
whole-mount-histology reference in primary prostate cancer. Sci Rep. 
2021;11(1):5836.

 14. Sacristán JA, Aguarón A, Avendaño-Solá C, Garrido P, Carrión J, Gutiérrez 
A, et al. Patient involvement in clinical research: why, when, and how. 
Patient Prefer Adherence. 2016;10:631–40.

 15. Draulans C, De Roover R, van der Heide UA, Haustermans K, Pos F, 
Smeenk RJ, et al. Stereotactic body radiation therapy with optional focal 
lesion ablative microboost in prostate cancer: topical review and multi-
center consensus. Radiother Oncol. 2019;140:131–42.

 16. Wilkins A, Naismith O, Brand D, Fernandez K, Hall E, Dearnaley D, et al. 
Derivation of dose/volume constraints for the Anorectum from clinician- 
and patient-reported outcomes in the CHHiP trial of radiation therapy 
fractionation. Int J Radiat Oncol Biol Phys. 2020;106(5):928–38.

 17. Zamboglou C, Sachpazidis I, Koubar K, Drendel V, Wiehle R, Kirste S, 
et al. Evaluation of intensity modulated radiation therapy dose painting 
for localized prostate cancer using (68) Ga-HBED-CC PSMA-PET/CT: a 
planning study based on histopathology reference. Radiother Oncol. 
2017;123(3):472–7.

 18. Spohn SKB, Sachpazidis I, Wiehle R, Thomann B, Sigle A, Bronsert P, et al. 
Influence of urethra sparing on tumor control probability and Normal 
tissue complication probability in focal dose escalated Hypofractionated 
radiotherapy: a planning study based on histopathology reference. Front 
Oncol. 2021;11:652678.

 19. Zamboglou C, Thomann B, Koubar K, Bronsert P, Krauss T, Rischke HC, 
et al. Focal dose escalation for prostate cancer using (68) Ga-HBED-CC 
PSMA PET/CT and MRI: a planning study based on histology reference. 
Radiat Oncol. 2018;13(1):81.

 20. Zamboglou C, Klein CM, Thomann B, Fassbender TF, Rischke HC, Kirste 
S, et al. The dose distribution in dominant intraprostatic tumour lesions 
defined by multiparametric MRI and PSMA PET/CT correlates with the 
outcome in patients treated with primary radiation therapy for prostate 
cancer. Radiat Oncol. 2018;13(1):65.

 21. Incrocci L, Wortel RC, Alemayehu WG, Aluwini S, Schimmel E, Krol S, et al. 
Hypofractionated versus conventionally fractionated radiotherapy for 
patients with localised prostate cancer (HYPRO): final efficacy results 
from a randomised, multicentre, open-label, phase 3 trial. Lancet Oncol. 
2016;17(8):1061–9.

 22. Arcangeli G, Saracino B, Arcangeli S, Gomellini S, Petrongari MG, Sangui-
neti G, et al. Moderate Hypofractionation in high-risk, organ-confined 
prostate Cancer: final results of a phase III randomized trial. J Clin Oncol. 
2017;35(17):1891–7.

 23. Bruner DW, Pugh SL, Lee WR, Hall WA, Dignam JJ, Low D, et al. Quality of 
life in patients with Low-risk prostate Cancer treated with Hypofraction-
ated vs conventional radiotherapy: a phase 3 randomized clinical trial. 
JAMA Oncol. 2019;5(5):664–70.

 24. Catton CN, Lukka H, Gu CS, Martin JM, Supiot S, Chung PWM, et al. Rand-
omized trial of a Hypofractionated radiation regimen for the treatment of 
localized prostate Cancer. J Clin Oncol. 2017;35(17):1884–90.

 25. Dearnaley D, Syndikus I, Mossop H, Khoo V, Birtle A, Bloomfield D, et al. 
Conventional versus hypofractionated high-dose intensity-modulated 
radiotherapy for prostate cancer: 5-year outcomes of the randomised, 
non-inferiority, phase 3 CHHiP trial. Lancet Oncol. 2016;17(8):1047–60.

 26. Alayed Y, Cheung P, Vesprini D, Liu S, Chu W, Chung H, et al. SABR in 
high-risk prostate Cancer: outcomes from 2 prospective clinical trials 
with and without elective nodal irradiation. Int J Radiat Oncol Biol Phys. 
2019;104(1):36–41.

 27. Bauman G, Ferguson M, Lock M, Chen J, Ahmad B, Venkatesan VM, et al. A 
phase 1/2 trial of brief androgen suppression and stereotactic radiation 
therapy (FASTR) for high-risk prostate Cancer. Int J Radiat Oncol Biol Phys. 
2015;92(4):856–62.

 28. Callan L, Bauman G, Chen J, Lock M, Sexton T, D’Souza D, et al. A phase 
I/II trial of fairly brief androgen suppression and stereotactic radiation 

therapy for high-risk prostate Cancer (FASTR-2): preliminary results and 
toxicity analysis. Adv Radiat Oncol. 2019;4(4):668–73.

 29. King CR, Freeman D, Kaplan I, Fuller D, Bolzicco G, Collins S, et al. Stereo-
tactic body radiotherapy for localized prostate cancer: pooled analysis 
from a multi-institutional consortium of prospective phase II trials. 
Radiother Oncol. 2013;109(2):217–21.

 30. Musunuru HB, D’Alimonte L, Davidson M, Ho L, Cheung P, Vesprini D, 
et al. Phase 1-2 study of stereotactic ablative radiotherapy including 
regional lymph node irradiation in patients with high-risk prostate Cancer 
(SATURN): early toxicity and quality of life. Int J Radiat Oncol Biol Phys. 
2018;102(5):1438–47.

 31. Zilli T, Jorcano S, Bral S, Rubio C, Bruynzeel AME, Oliveira A, et al. Once-
a-week or every-other-day urethra-sparing prostate cancer stereotactic 
body radiotherapy, a randomized phase II trial: 18 months follow-up 
results. Cancer Med. 2020;9(9):3097–106.

 32. Marvaso G, Riva G, Ciardo D, Gandini S, Fodor C, Zerini D, et al. “Give me 
five” ultra-hypofractionated radiotherapy for localized prostate cancer: 
non-invasive ablative approach. Med Oncol. 2018;35(6):96.

 33. Mottet N, Bellmunt J, Bolla M, Briers E, Cumberbatch MG, De Santis M, 
et al. EAU-ESTRO-SIOG guidelines on prostate Cancer. Part 1: screen-
ing, diagnosis, and local treatment with curative intent. Eur Urol. 
2017;71(4):618–29.

 34. Moon DH, Basak RS, Usinger DS, Dickerson GA, Morris DE, Perman M, et al. 
Patient-reported quality of life following stereotactic body radiotherapy 
and conventionally fractionated external beam radiotherapy compared 
with active surveillance among men with localized prostate Cancer. Eur 
Urol. 2019;76(3):391–7.

 35. Onjukka E, Uzan J, Baker C, Howard L, Nahum A, Syndikus I. Twenty frac-
tion prostate radiotherapy with intra-prostatic boost: results of a pilot 
study. Clin Oncol (R Coll Radiol). 2017;29(1):6–14.

 36. Murray JR, Tree AC, Alexander EJ, Sohaib A, Hazell S, Thomas K, et al. 
Standard and Hypofractionated dose escalation to Intraprostatic tumor 
nodules in localized prostate Cancer: efficacy and toxicity in the DELINE-
ATE trial. Int J Radiat Oncol Biol Phys. 2020;106(4):715–24.

 37. Draulans C, van der Heide UA, Haustermans K, Pos FJ, van der Voort van 
Zyp J, De Boer H, et al. Primary endpoint analysis of the multicentre 
phase II hypo-FLAME trial for intermediate and high risk prostate cancer. 
Radiother Oncol 2020;147:92–98.

 38. Herrera FG, Valerio M, Berthold D, Tawadros T, Meuwly JY, Vallet V, et al. 
50-Gy stereotactic body radiation therapy to the dominant Intrapros-
tatic nodule: results from a phase 1a/b trial. Int J Radiat Oncol Biol Phys. 
2019;103(2):320–34.

 39. Nicholls L, Suh YE, Chapman E, Henderson D, Jones C, Morrison K, et al. 
Stereotactic radiotherapy with focal boost for intermediate and high-risk 
prostate cancer: initial results of the SPARC trial. Clin Transl Radiat Oncol. 
2020;25:88–93.

 40. Timon G, Ciardo D, Bazani A, Marvaso G, Riva G, Volpe S, et al. Short-term 
high precision radiotherapy for early prostate cancer with concomitant 
boost to the dominant lesion: ad interim analysis and preliminary results 
of phase II trial AIRC-IG-13218. Br J Radiol. 2018;91(1089):20160725.

 41. Zelefsky MJ, Kollmeier M, McBride S, Varghese M, Mychalczak B, Gewanter 
R, et al. Five-year outcomes of a phase 1 dose-escalation study using ste-
reotactic body radiosurgery for patients with Low-risk and intermediate-
risk prostate Cancer. Int J Radiat Oncol Biol Phys. 2019;104(1):42–9.

 42. Fairchild AT, Tanksley JP, Tenenbaum JD, Palta M, Hong JC. Interrater 
reliability in toxicity identification: limitations of current standards. Int J 
Radiat Oncol Biol Phys. 2020;107(5):996–1000.

 43. Zamboglou C, Spohn SKB, Adebahr S, Huber M, Kirste S, Sprave T, et al. 
PSMA-PET/MRI-based focal dose escalation in patients with primary 
prostate Cancer treated with stereotactic body radiation therapy 
(HypoFocal-SBRT): study protocol of a randomized, multicentric phase III 
trial. Cancers. 2021;13(22):5795.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Feasibility, pitfalls and results of a structured concept-development phase for a randomized controlled phase III trial on radiotherapy in primary prostate cancer patients
	Abstract 
	Objective: 
	Materials and methods: 
	Results: 
	Conclusion: 

	Introduction
	Methodology
	Literature searches and the scoping review
	Involvement of individual patients, patients’ representatives and patients’ self-help groups
	Involvement of national and international experts and expert panels
	Pilot study
	In-silico radiotherapy planning studies

	Results
	Literature search and scoping review
	Involvement of individual patients, patients’ representatives and patients’ self-help groups
	Involvement of national and international experts and expert panels
	Pilot study
	In-silico radiotherapy planning studies

	Discussion
	Acknowledgements
	References


