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EtienneMatthias MathierHalter , Daniel R. Zwahlen MD , Tobias Hölscher MD ,
Winfried Arnold MD , Bülent Polat MD , Guido Hildebrandt MD , Arndt-Christian Müller MD ,
Paul M. Putora MD , Alexandros Papachristofilou MD , Stefanie Hayoz PhD , Corinne Schär PhD ,
Qiyu Li , Marcin Sumila MD , Kathrin Zaugg MD, PhD , Matthias Guckenberger MD ,
Piet Ost MD, PhD , Davide G. Bosetti MD , Christiane Reuter MD , Silvia Gomez MD ,
Kaouthar Khanfir MD , Daniel M. Aebersold MD , Pirus Ghadjar MD , Alan Dal Pra MD , for
the Swiss Group for Clinical Cancer Research (SAKK), Adherence to contouring and treat-
ment planning requirements within a multicentric trial -results of the quality assurance of the
SAKK 09/10 trial, International Journal of Radiation Oncology, Biology, Physics (2022), doi:
https://doi.org/10.1016/j.ijrobp.2021.12.174

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.ijrobp.2021.12.174
https://doi.org/10.1016/j.ijrobp.2021.12.174


© 2021 Published by Elsevier Inc.



1 
 

 

Adherence to contouring and treatment planning requirements within a multicentric trial -

results of the quality assurance of the SAKK 09/10 trial  

 

Short running title: Radiation Quality assurance of SAKK 09/10 (NCT01272050) 

 

Authors: 

Marcus Beck, MD*, Manfred Sassowsky PhD†, Sämi Schär PhD‡, Etienne Mathier†, Matthias 

Halter†, Daniel R. Zwahlen MD§, Tobias Hölscher MD¦, Winfried Arnold MD¶, Bülent Polat MD#, 

Guido Hildebrandt MD**, Arndt-Christian Müller MD††, Paul M. Putora MD†,‡‡, Alexandros 

Papachristofilou MD§§, Stefanie Hayoz PhD‡, Corinne Schär PhD‡, Qiyu Li‡, Marcin Sumila MD¦¦, 

Kathrin Zaugg MD, PhD†,¶¶, Matthias Guckenberger MD##, Piet Ost MD, PhD***, Davide 

G. Bosetti MD†††, Christiane Reuter MD‡‡‡, Silvia Gomez MD§§§, Kaouthar Khanfir MD¦¦¦, Daniel 

M. Aebersold MD†, Pirus Ghadjar MD*,†, Alan Dal Pra, MD†,¶¶¶, for the Swiss Group for Clinical 

Cancer Research (SAKK) 

 

Authors Affiliations:  

Department of Radiation Oncology, Charité Universitätsmedizin Berlin, Germany*; Department of 

Radiation Oncology, Inselspital, Bern University Hospital and University of Bern, Switzerland†; 

SAKK Coordinating Center, Bern, Switzerland‡; Department of Radiation Oncology, 

Kantonsspital Graubünden, Chur, Switzerland now at Kantonsspital Winterthur, Switzerland§; 

Department of Radiotherapy and Radiation Oncology, Faculty of Medicine and University 

Hospital Carl Gustav Carus, Technische Universität Dresden, Germany¦; Department of 

Radiation Oncology, Kantonsspital Luzern, Switzerland¶; Department of Radiation Oncology, 

University of Würzburg, Germany#; Department of Radiation Oncology,  University Hospital 

Rostock, Germany**; University Hospital Tübingen, Germany††; Department of Radiation 

Oncology, Kantonsspital St. Gallen, Switzerland‡‡; Department of Radiation Oncology, University 

                  



2 
 

Hospital Basel, Switzerland§§; Department of Radiation Oncology, Hirslanden Hospital Group, 

Zürich, Switzerland¦¦; Department of Radiation Oncology, Stadtspital Triemli, Zürich, 

Switzerland¶¶; Department of Radiation Oncology, University Hospital Zürich, Switzerland##; 

Department of Radiation Oncology, Ghent University Hospital, Belgium***; Istituto Oncologico 

della Svizzera Italiana, Bellinzona, Switzerland†††; Department of Radiation Oncology , 

Kantonsspital Münsterlingen, Switzerland‡‡‡;  RadiationOncologyCenter KSA-KSB, Aarau, 

Switzerland§§§; Department of Radiation Oncology, Hôpital Valais, Sion, Switzerland¦¦¦; 

Department of Radiation Oncology, University of Miami Miller School of Medicine, Miami, FL, 

USA¶¶¶ 

 

Corresponding Author: 

Marcus Beck MD,  

Department of Radiation Oncology, Charité Universitätsmedizin Berlin, 

Augustenburger Platz 1, 13353 Berlin, Germany 

Tel.: +49 30 450 527 152, Fax.: +49 30 450 557 988,  

marcus.beck@charite.de 

Authors responsible for statistical analyses:  

Stefanie Hayoz PhD, Sämi Schär PhD 

SAKK Coordinating Center, Bern, Switzerland, Bern, Switzerland 

Effingerstrasse 33, CH-3008 Bern, Switzerland 

Tel.: +41 31 389 91 91 

Email: Stefanie.Hayoz@sakk.ch, Saemi.Schaer@sakk.ch 

 

Conflict of interest:  

None 

 

                  



3 
 

Funding: 

The SAKK 09/10 (NCT01272050) trial is funded by grants provided by the Hedy and Werner 

Berger-Janser Foundation, Krebsforschung Schweiz (Swiss cancer research foundation), Radio-

Onkologie Berner Oberland AG, Switzerland and Swiss State Secretariat for Education, 

Research and Innovation (SERI). 

 

Data Availability: 

Research data are stored in an institutional repository at SAKK coordinating center (Bern, 

Switzerland) and will be shared upon request. 

 

Acknowledgements: 

None 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  



4 
 

 

 

Title: 

Adherence to contouring and treatment planning requirements within a multicentric trial, 

results of the quality assurance of the “XXXX-Anonymized for Review” trial  

 

Short running title: Radiation Quality assurance of “XXXX-Anonymized for Review” 

 

 

Abstract:  

Purpose: To evaluate the results of the radiation therapy (RT) quality assurance (QA) program 

of the phase III randomized “XXXX-Anonymized for Review” trial in biochemically recurrent 

prostate cancer (PC) patients after prostatectomy.  

Methods and materials: Within the “XXXX-Anonymized for Review” trial testing 64Gy versus 

70Gy salvage RT, a central collection of treatment plans were performed, which were thoroughly 

reviewed by a dedicated medical physicist and radiation oncologist. Adherence to the treatment 

protocol and specifically to the European Organization for the Research and Treatment of 

Cancer (EORTC) guidelines for target volume definition (classified as deviation observed yes vs. 

no) and its potential correlation with acute and late toxicity (Common Terminology Criteria for 

Adverse Events (CTCAE) v4.0) and freedom from biochemical progression (FFBP) were 

investigated. 

Results: The treatment plans of 344 patients treated between February 2011 and April 2014 

depicted important deviations to the EORTC guidelines and to the recommendations per trial 

protocol. For example, in up to half of the cases, the delineated structures deviated from the 

protocol (e.g., prostate bed (PB) in 48.8%, rectal wall (RW) in 41%). In addition, variations in 

clinical (CTV) - and planning target volume (PTV) occurred frequently (e.g., CTV and PTV 
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deviations in up to 42.4% and 25.9%, respectively). 

The detected deviations showed a significant association with a lower risk of grade ≥ 2 

gastrointestinal (GI) acute toxicity when CTV not overlapped RW vs. CTV overlapping RW, (OR 

0.43; CI [0.22, 0.85];  p= 0.014), and a higher rate of grade ≥ 2 late genitourinary (GU) toxicity in 

case of the CTV overlapped with RW, (OR 2.58; CI [1.17, 5.72]; p= 0.019). A marginally 

significant lower risk of grade ≥ 2 late GU toxicity in patients when PB not overlapping RW 

versus overlapping RW was observed (OR 0.51; CI [0.25, 1.03]; p= 0.06). In addition, a 

marginally significant decrease of FFBP in patients with PTV not including surgical clips as 

potential markers of the limits of the prostate bed, (HR 1.44; CI  [0.96, 2.17]; p= 0.07) was 

observed.  

Conclusions: Despite a thorough QA program, the central review of a phase-III trial showed 

limited adherence to treatment protocol recommendations which was associated with a higher 

risk of toxicity by means of acute or late GI or GU toxicity and showed a trend towards worse 

FFBP. Data from this QA review may help refine future QA programs and prostate bed 

delineation guidelines.  
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Introduction: 

 

Prostate cancer (PC) is the most common male cancer in developed countries, and radical 

prostatectomy (RP) is the most common treatment option for patients with localized, non-

metastatic disease (1). Nevertheless, nearly 15 to 40% develop a biochemical progression (BP) 

in the first five years after RP (2-4). In the case of a biochemical failure (BF) after RP, salvage 

radiation therapy (SRT) is the only potentially curative treatment option (5-7). Radiobiological 

models and retrospective studies support dose-intensified SRT, which is used by many 

institutions despite the absence of high-level evidence showing its benefits (8-13). However, the 

long-term results of the recently published randomized prospective “XXXX-Anonymized for 

Review” trial showed no statistically significant benefit in freedom from biochemical progression 

(FFBP) comparing standard dose versus dose-intensified SRT (14). The latter trial was initiated 

in 2011 by “XXXX-Anonymized for Review” to investigate dose-intensified SRT (70Gy) without 

androgen deprivation therapy (ADT) in patients with BF after RP.  An radiation therapy (RT) 

quality assurance (QA) program was an integral part of the “XXXX-Anonymized for Review” 

study to ensure RT quality (15, 16). Several already published reports of randomized RT trials 

showed a significant number of treatment protocol deviations that partially increased grade and 

frequency of treatment toxicity and even deteriorated oncological outcomes (17-20).  

In light of these results, a standardized QA program and a critical review of the adherence to the 

trial protocol of the “XXXX-Anonymized for Review” study were deemed to be critical and were 

an object of this analysis. 

The QA schedule included a site- and study-specific questionnaire (SSQ), a mandatory dummy 

run (DR), and the electronic submission of treatment plans for central archiving (21). Herein, we 

assessed the “XXXX-Anonymized for Review” trial data to report the adherence to RT 

guidelines, review the RT quality, and to detect a potential impact on acute and late toxicity and 

FFBP.  
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Methods and Materials: 

 

Trial design: 

The international phase III randomized controlled “XXXX-Anonymized for Review” trial 

compared dose-intensified (70Gy) versus standard dose SRT (64Gy) in patients with 

biochemically relapsed PC without macroscopic disease (in abdominal and pelvic MRI [magnetic 

resonance imaging] or computed tomography [CT]) and without the use of ADT (NCT “XXXX-

Anonymized for Review”). Twenty-eight centers (14 in Switzerland, 11 in Germany and 3 in 

Belgium) participated in the study.  

The randomization was centralized in “XXXX-Anonymized for Review”. Patients stratification 

was done according to Gleason score, tumor classification, lymphadenectomy, persistent PSA 

after RP, PSA at randomization, center and SRT technique. The primary endpoint was FFBP. 

The ethics committee at each center reviewed and approved the protocol. 

  

Patients: 

Main inclusion criteria were: informed consent; lymph node negative adenocarcinoma of the 

prostate treated with RP at least 12 weeks before random assignment; tumor stage pT2a-3b, 

R0-1, pN0, or cN0 according to the International Union Against Cancer TNM 2009 with the 

Gleason score available; PSA progression after prostatectomy defined as two consecutive rises 

with the final PSA > 0.1 ng/mL or three consecutive rises; the first value must be measured 

earliest 4 weeks after radical prostatectomy; PSA at random assignment of maximum 2 ng/mL; 

WHO performance status of 0 to 1; age between 18 and 75 years; and a completed baseline 

quality of life (QoL) questionnaire. 

Main exclusion criteria were: persistent PSA greater than 0.4 ng/mL 4 to 20 weeks after RP; any 

form of ADT; palpable prostatic fossa mass suggestive of recurrence unless an ultrasound-

guided biopsy was nonmalignant; pre-SRT pelvic lymph node enlargement greater than 1 cm 
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diameter of the abdomen and pelvis (cN1) unless the enlarged lymph node was negative; or 

evidence of macroscopic local recurrence or metastatic disease on pre-salvage RT MRI  or CT 

of the abdomen and pelvis assessed 16 weeks before random assignment. 

 

Treatment: 

SRT to the prostate bed (PB) was administered with a dose of 64Gy in 32 fractions in the 

standard arm (arm A) and, 70Gy in 35 fractions in the experimental arm (arm B). Elective 

treatment of the pelvic lymph nodes and ADT were not allowed. A CT-based treatment planning 

in supine position with comfortably filled bladder and empty rectum was required for every 

patient. Usage of an endorectal balloon was allowed. 

The treatment was delivered with 3-dimensional conformal RT (3D-CRT) or intensity modulated 

RT (IMRT) including rotational helical RT with ≥ 6MV photons. The target volume delineation of 

the PB and clinical target volume (CTV) were performed according to the European Organization 

for the Research and Treatment of Cancer (EORTC) guidelines (22). Additionally, the study 

protocol particularly instructed investigators to delineate the PB in adherence to the following 

recommendations: 1) PB should include centrally the vesico-urethral anastomosis (VUA), 

cranially the bladder neck and in all cases the basis of the seminal vesicles (SV);  2) In case of 

SV involvement PB should include their entire original position and/or the remnants; 3) 

Posteriorly, the contour should end at the outer rectal wall (RW) and include the most posterior 

cranially part of bladder neck; 4) Caudally the outline should include the apex (15 mm cranially 

from the penile bulb); 5) Laterally the contour should come up to the neurovascular bundles and 

if they are removed than up to iliac obturator muscles; 6) Anteriorly inclusion of the anastomosis 

and the urethral axis was necessary. Also, it was recommended to consider former radiological 

imaging, histopathological reports and the immediate PB surgical clips (not hemostatic clips) if 

present. 

Depending on the PB contour, the CTV should be generated with a 5 mm margin in all directions 
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(except the RW). Supplementary 5 mm laterally and posteriorly enlargement in case of 

incomplete resected extracapsular extension and 5mm enlargement in the direction of 

microscopically involved tumor margins (excluding the rectal wall in both cases) was required. 

The planning target volume (PTV) was defined as CTV with a margin of 10 mm except for a 

posteriorly 8-10 mm margin. If participating centers performed daily image guided radiation 

therapy (IGRT), they were allowed to reduce the PTV margins to 5 mm. The dose prescription 

was done to the median dose of the PTV and dose variation in the PTV was limited to the range 

of 95%-107% of the prescribed dose. 

The required delineation of organs at risk (OAR) included bladder, rectum and femoral heads. In 

doing so, the rectum had to be delineated from the anus up to the rectosigmoid flexure or the 

caudal part of the sacroiliac joint. Besides the whole organ contours, RW and bladder wall (BW) 

(each using 5 mm internal margin) were delineated. 

Recommended OAR dose constraints were as follows: RW, V60Gy ≤ 50% and V70Gy ≤ 20%; 

BW, V65Gy ≤ 50%; femoral heads, V50Gy ≤ 10%. 

 

QA-program: 

As per EORTC Radiation Oncology Group recommendations, a thorough 3-step RT-QA program 

was implemented in the “XXXX-Anonymized for Review” trial schedule (15). The RT-QA 

consisted of an SSQ, a mandatory DR and the electronic submission of treatment plans for 

central archiving. Before activation of the study centers, each one had to successfully perform 

the SSQ and the DR. The DR was performed for a patient example with total dose of 70Gy in 

the RT technique used by the center. Minor deviations were discussed with the treatment 

centers, whereas in case of major deviations, the treatment centers had to do a new DR. For 

example, some centers were accepted directly, and others had to repeat the DR two to five 

times. In addition, the treatment plans of the first five randomized patients in each center were 

analyzed immediately, and feedback concerning protocol deviations was given (individual case 
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review [ICR]).  For further details, the methods and results of the SSQ and the DR have already 

been published (21).  

Finally, all central archived RT-plans were analyzed for adherence to EORTC guidelines and to 

the “XXXX-Anonymized for Review” protocol by one medical physicist and one experienced 

genitourinary radiation oncologist. Missing contours were completed, existing volumes were 

revised according to the protocol and deviations were assessed. There was no additional 

weighting of deviations in different categories for this work, but the classification of whether a 

deviation existed (yes) or not (no).  

All RT plans were collected and uploaded into ProSoma virtual simulation software (Medcom, 

Darmstadt, Germany). The QA procedure with SSQ, DR, ICR, and the reporting and 

documentation of patient and treatment parameters was done according to the EORTC 

recommendations and used established  XXX standards. 

Endpoints:  

The aim of our RT-QA analysis was to assess the adherence to the trial protocol and the 

EORTC guidelines. Moreover, deviations in target volume and OAR delineation were analyzed 

for potential correlation with acute and late gastrointestinal (GI) and genitourinary (GU) toxicity 

and FFBP. GI and GU toxicity was assessed according to National Cancer Institute Common 

Terminology Criteria for Adverse Events version 4.0 (CTCAE v4.0). An acute toxicity event was 

defined as a symptom increasing over the respective baseline value during treatment and up to 

3 months after the end of SRT. Toxicities detected  > 3 months after the end of SRT were 

defined as late toxicity. 

FFBP was defined as the time from randomization to BP, clinical progression, or death due to 

clinical progression, whichever occurred first. A rising absolute serum PSA ≥ 0.4 ng/ml post-SRT 

was defined as BP. 

An additional comparison of frequencies of overall and specific deviations between all centers 

was performed. Furthermore, we compared the results of the mandatory DR with the frequency 
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of deviations in the centers, respectively (21). To compare the deviation rate at each center we 

defined a reference center with a mean rate of deviations and identified the deviations of other 

centers (more or fewer deviations). 

Furthermore, dose-volume histogram (DVH) data provided by the individual centers by paper 

case report forms (CRF) were compared to the values obtained from the centrally collected 

treatment plans for consistency (differences of less than +/- 5% were defined as still consistent), 

the difference was noted, and the variation of differences was plotted for illustration.  

Statistical analyses: 

Frequencies of count data in patient groups with adverse events (AE) highest grade < 2 vs. AE 

highest grade ≥ 2 were compared using Fisher’s exact tests. Comparisons of continuous 

variables between groups of patients were assessed using Wilcoxon rank sum tests. For 

comparison of deviations between centers we used Pearson’s Chi square test and Poisson 

regression. Results of the DR (number of necessary DRs) and the frequency of deviations at 

centers was analyzed with Spearman’s rank correlation. Frequency of deviations in first five vs. 

following patients at the center (learning curve) were analyzed with Kruskal Wallis test 

(continuous variables) or Pearson’s Chi square test (categorical variables). Associations 

between deviations and FFBP were assessed using Cox regression, and those between acute 

and late toxicity and deviations using logistic regression models, respectively. Multivariable 

regression analysis, including the potential confounders (rectal balloon, radiation technique 

[IMRT/3D]) that could be relevant for the endpoints, was performed to validate the results. As no 

correction for multiple testing was applied, all analyses are considered exploratory and 

hypothesis-generating. P-values < 0.05 were considered as significant. All analyses were 

performed in SAS v. 9.4, SAS Institute, Cary, NC, USA. 

 

Results:  

 

                  



12 
 

The trial randomly assigned 350 patients (169 in the 64Gy arm, 175 in the 70Gy arm, 6 patients 

excluded due to withdrawal of consent or ineligibility after randomization) between February 

2011 and April 2014. Detailed patient characteristics were previously published (23). 

 

Missing structures and revision of OAR delineation: 

Plans of 344 patients were assessed for completeness of the required structures as per the 

delineation section of the protocol. In 80 cases (23%), one or more missing structures were 

detected. With 11% of cases, the PB (PB is an essential part of EORTC delineation guideline) 

was the most common omitted structure. In these patients, the CTV was directly generated 

without contouring of the PB. Delineation of rectum (8.4%), BW (5.8%), bladder (4.1%) and RW 

(3.5%) was also missed in several cases. Finally, the CTV was not present in 2% of the 

submitted treatment plans (Table 1). 

After a thorough review of all treatment plans, there were protocol deviations in the delineation of 

several structures. RW deviations were observed in 41%, rectum deviations in 37%, BW 

deviations in 36.3% and bladder-deviations in 29% (Table 1). 

 

Deviations in PB, CTV and PTV delineation: 

In 48.8% of the cases, deviations of PB were detected, and deviations of CTV and PTV were 

also observed, as follows (Table 1):  

Overlapping PB and CTV with RW: 

In 10.5% and 15.7% of the cases, the PB and CTV contours, respectively, overlapped with RW, 

which had to be excluded from PB and CTV as per protocol. 

Surgical clips: 

As recommended per protocol, the prostate bed surgical clips (not hemostatic clips), if present, 

could be helpful for the delineation of areas at risk for recurrence. Hence, we analyzed the 

coverage of the surgical clips (excluding surgical hemostatic clips and clips distant from PB). In 
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54.1% of the cases, the PB did not include all the clips, and we detected a missing coverage of 

clips in 42.4% of the CTVs and 26% of the PTVs. 

Extracapsular extension/microscopically tumor margin involvement: 

One hundred fifty-four patients (44.5%) had positive surgical margins at prostatectomy 

specimens. As described in the study protocol based on the EORTC guidelines, the final CTV 

delineation is dependent on the identification of the location of the extracapsular extension or 

microscopically tumor margin involvement. The necessary adaption of the CTV was neglected in 

81 (52.5%) of 154 patients with R1 status. Only 57 CTVs (37%) of the 154 R1-cases were 

outlined correctly, and in 15 cases, the assessment was not applicable due to missing CTV or 

PB contour. 

In order to properly assess target coverage, we additionally contoured the VUA (VUA is the most 

important site of local recurrence in postoperative PC) in all RT plans (not specified in the 

original study protocol). In 2.6% of the cases, the whole VUA was not included in the PB, and in 

1.2%, the VUA was not completely covered by CTV. Ultimately, when accounted for the PTV 

margins, VUA was encompassed in all cases.  

Inter-center comparison of deviations: 

The inter-center comparison of frequencies of overall and specific deviations showed the 

following results. First, there are significant differences in the appearance of specific deviations 

between participating centers. These results are depicted in supplementary table 1.  

Moreover, we investigated the overall frequency of deviations between the centers and detected 

significant differences in the number of deviations between centers (supplementary table 2). 

Lastly, comparing the results of the already published DR (centers differed in the number of 

necessary DRs [1-5 attempts] before they were accepted for trial participation) with the detected 

frequency of deviations at each center, showed a positive correlation (21). The positive 

correlation between the necessary number of dummy runs and the number of deviations by 

corresponding centers was confirmed with a r= 0.153 and  p= 0.02.  
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Furthermore, we analyzed the frequency of deviations in the first five patients versus the 

following patients at participating centers. We found no significant difference between both 

groups, except for a significantly lower frequency of missing RW in patients treated later in the 

trial (p= 0.04). 

 

Influence of protocol deviations on the incidence of adverse events:  

We analyzed the impact of poor adherence to the treatment protocol on acute and late GI and 

GU toxicity. The acute and late toxicity rates of “XXXX-Anonymized for Review” patients were 

previously reported, in which no significant difference in grade ≥ 2 acute and late GU or acute GI 

toxicity was observed between the 64Gy or 70Gy RT-group. In contrast, a significantly higher 

rate of late grade  ≥2 GI toxicity was observed in the 70Gy arm. No significant differences in 

acute or late GU and GI toxicity occurred with 3D-CRT versus IMRT/rotational technique. More 

details:  

13% of patients suffered from acute grade 2 and 0.6% from acute grade 3 GU toxicity in the 64 

Gy arm. Patients treated with 70 Gy developed acute grade 2 and grade 3 GU toxicity in 16.6% 

and 1.7%, respectively (p= 0.2). Acute grade 2 or 3 GI toxicity was detected in 16% and 0.6% of 

patients treated with 64Gy and in 15.4% and 2.3% in the 70 Gy arm, respectively (p= 0.8). 

The late grade 2 or 3 GU toxicity rate was 21% and 7.9% in individuals treated in the 64 Gy arm. 

Patients treated with 70 Gy suffered from late grade 2 or 3 GU toxicity in 26% and 4%, 

respectively (p = 0.8). However, late grade 2 and 3 Gl toxicity analysis showed a significant 

difference with 7.3% and 4.2% cases in the 64 Gy arm versus 20% and 2.3% in the 70 Gy arm, 

respectively (p = 0.009) (14, 23). 

 

Assessing the association of deviations and toxicity, we could detect a significantly higher rate of 

≥ 2 acute GI toxicity in cases with CTV overlapping RW (p=0.031). Furthermore, in these cases 

of CTV overlapping RW, a significantly higher rate of  ≥ 2 late GU toxicity was observed (p= 
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0.013).  

The results could be confirmed in multivariable analysis with a lower risk for ≥ 2 acute GI toxicity 

when CTV was delineated correctly vs. CTV overlapping RW (OR 0.43; CI [0.22, 0.85];  p= 

0.014) and a higher rate of ≥ 2 late GU toxicity with CTV overlapping RW (OR 2.58; CI [1.17, 

5.72]; p= 0.019).  

Moreover, patients with PB not overlapping RW showed a lower rate of ≥ 2 late GU toxicity 

versus PB overlapping RW. However, the latter observation did not reach conventional statistical 

significance in univariable analysis (p= 0.053) (Table 2), nor when assessed in a multivariable 

logistic regression (OR 0.51; CI [0.25, 1.03]; p= 0.06). 

Missing delineation of rectum, RW, bladder or BW had no statistically significant effect on acute 

or late grade ≥ 2 GU and GI toxicity rates. Likewise, deviations in the delineation of the OAR had 

no statistically significant influence on acute and late toxicity rates (Table 2). 

Moving forward, we assessed the impact of adherence to OAR dose constraints as per protocol 

on the incidence of GI and GU toxicity. As reported in the CRFs the OAR dose constraints were 

exceeded as follows:  for RW:  V60Gy > 50% in 4 patients and V70Gy > 20% in 14 patients; for 

BW:  V65Gy > 50% in 7 patients; femoral heads: V50Gy > 10% in 19 patients for the right side 

and in 16 patients for left side. It is remarkable that the central review of the treatment plans 

(DVH) showed only V60Gy > 50% in 1 (0.6% of 70Gy group) patient and V70Gy > 20% in 2 

(1.2% of 70Gy group) patients; for BW:  V65Gy > 50% in 1 (0.6% of 70Gy group) patient; 

femoral heads: V50Gy > 10% in 2 (1.2% of 70Gy group) patients for the right side and no patient 

for left side. The latter reported cases of exceedance of OAR dose constraints in the central plan 

review (DVH-analysis) occurred all in the 70Gy arm. 

A significantly higher risk of grade ≥ 2 acute GI toxicity in patients with V70Gy of RW exceeding 

20% (p=0.042) was observed. Other significant impacts on acute GI or GU toxicity by OAR 

constraints exceedance were not detected. A further analysis was performed to investigate 

differences in the compliance to OAR dose constraints in cases with PB (10.5%) or CTV (15.7%) 
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overlapping the rectal wall versus patients with correct delineated PB and CTV. In doing so, we 

could find a significantly higher RW volume receiving 60Gy (p= 0.012) in patients with incorrect 

PB/RW delineation and no significant impact of other parameters on adherence to RW dose 

constraints between both groups (overlapping RW versus not overlapping) (Figure 1). 

 

Influence of protocol deviations and treatment parameters on FFBP: 

We assessed the association of protocol deviations and/or other treatment parameters and 

FFBP. Therefore, several items have been assessed, including but not limited to: incomplete 

coverage of the surgical clips, insufficient implementation of R1 delineation recommendations, 

incomplete coverage of the VUA and the CTV (< 5 mm versus > 5 mm) and PTV (< 10 mm 

versus > 10 mm). A comparison of patients with PTV including all clips versus PTV not including 

all relevant clips showed poorer FFBP in cases without complete coverage of clips, but the 

difference did not reach conventional statistical significance in univariable analysis (HR 1.44; CI 

[0.96, 2.17]; p= 0.07)  (Table 3), nor in the corresponding multivariable analysis; (HR 1.42; CI 

[0.95, 2.14]; p= 0.09). 

 

We also performed subgroup analyses according to treatment arm (64 vs. 70 Gy) and RT 

technique (3DCRT vs. modern techniques). We did not find significant differences regarding 

variations and their impact on toxicity and oncological outcome. 

 

Comparison of DVH parameters listed in case report forms and detected in centrally 

collected treatment plans: 

The DVH data collected in the CRFs and the values obtained from the centrally collected 

treatment plans were compared. In doing so, we could detect limited consistency for the different 

DVH parameters between reported and centrally analyzed data. The differences were more 

pronounced for the RW and BW and less for femoral heads dose constraints (supplementary 
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Table 3). An illustration of the variation of the difference is depicted in supplementary Figure 1.  

 

Discussion: 

 

The results of our central RT-QA of “XXXX-Anonymized for Review” trial depicted important 

deviations from the treatment protocol guidelines (21), including deviations that were associated 

with a significantly higher rate of ≥ 2 acute GI and late GU toxicity. Besides, a non statistically 

significant trend towards worse FFBP was detected. 

With the observation of high rates of OAR delineation deviations (e.g. RW in 41%), and PB 

deviations (up to 54%), CTV- (up to 42%) and PTV-deviations (up to 23%), respectively, the 

outcomes of the RT-QA process seemed suboptimal. However, the results of our QA review 

reflect the real world of challenges in delineation, treatment planning, and overall trial protocol 

adherence, even in prospective trials with a strict QA. These results are not exclusive of “XXXX-

Anonymized for Review” trial, as other RT protocols have shown similar findings. For instance, 

the prospective on-trial outlining quality assurance of CHHiP trial observed major delineation 

deviations in 71% of cases. The on-trial CHHiP prospective treatment plan case review detected 

minor variations in 49% and major variations in 6% of plans (17). Furthermore, the treatment 

plan review data of a randomized trial using urethra-sparing stereotactic body radiotherapy for 

prostate cancer showed major protocol deviations in 31% and at least one minor deviation in 

44% of the collected treatment plans of patients, respectively (24). Likewise, contouring 

deviations were detected in the benchmarking exercise of the RAVES trial (adjuvant versus early 

salvage RT), most notable variations in CTV (41% of cases) and rectum outlining (24%) (25). 

Besides the frequent and critical occurrence of protocol deviations in trials, the impact of poor 

protocol adherence on toxicity rates and oncological outcomes is mostly important. 

The significantly higher rate of ≥ 2 acute GI and late GU toxicity in cases with CTV overlapping 

RW in our analysis reflects the crucial role of adequate target volume delineation. Unrecognized 
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unnecessary use of larger target volumes lead to increased radiation exposure that results in 

higher risk of GI or GU toxicity. Comparable findings were reported in the RTOG 0126 trial with 

excess risk of rectal toxicity in cases with poor treatment planning quality (18). In this context, 

correct OAR- and particularly rectum/RW delineation seems to play a remarkable role in 

treatment plan quality. In our central outlining review, incorrect delineation of RW/rectum (as the 

rectum is a delineation boundary) could be detected as a major source of the posteriorly 

oversized PB/CTV ( circa 40% of cases had an incorrect RW or rectum contour, Table 1) 

volumes. Likewise, the RAVES trial benchmark procedure analysis detected notable variations 

in rectum delineation with impact on correct DVH dosimetry (25). The TROG 03.04 RADAR trial 

QA data also showed a remarkable frequency of RW and rectum contouring deviations (26).  

Comparing OAR DVH parameters in patients with PB/CTV overlapping rectal wall versus correct 

delineated patients confirmed a higher dose exposition to the rectal wall in the former case.  

However, solely the deviation of the V70Gy ≤ 20% constraint resulted in a statistically significant 

increased rate in grade ≥ 2 GI toxicity. 

Overall, “XXXX-Anonymized for Review” showed a moderate acute and late GU and GI 

toxicity rate (14, 23). Consequently, a more pronounced impact of deviations on toxicity is 

assumable in more escalated SRT dose concepts or definitive prostate RT schedules (higher RT 

doses) or when larger CTV volumes are treated (usage of other than EORTC delineation 

guidelines) (27).  

Furthermore, we detected a trend towards poorer FFBP in patients with incomplete PTV 

coverage of surgical clips. Thus, the surgical clips as potential markers of the PB borders seem 

to be essential assistance for adequate target volume coverage.  

This is in line with a meta-analysis of several RT trials which showed the crucial association of 

poor trial protocol compliance and worse oncological outcome parameters (28).  

However, the VUA, as the region with the highest risk of recurrence in postoperative PC 

patients, was adequately covered by target volumes in almost all cases in our treatment plan 
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review (29-31). This fact, the definition of the endpoint FFBP based on PSA, and the limited 

follow-up period (date cut-off in our trial: 6.2 years) may in part explain why further associations 

of protocol adherence and oncological outcomes were not detectable. Details of oncological 

outcomes are already published (14).  

The fact that many delineated target volumes needed revision in the central review (e.g., PB 

48.8% revised) points out the challenges of outlining, even with the application of delineation 

guidelines.  For example, the PB delineation per EORTC guidelines has been previously 

analyzed and shown to be a source of major deviations in the DR (21, 22). Similarly, EORTC-

based guidelines have been shown to provide limited inter-observer agreement on the PB 

delineation (32).  Moreover, it is important to note that inter-observer variations are well-

acknowledged even in guideline-based target delineation (33) 

In comparison to the EORTC guidelines, other recommendations use anatomic structures for the 

CTV generation. These structures are visible in postoperative imaging, and consequently, the 

adequate delineation seems to be easier to achieve. However, the application of alternative 

guidelines results in larger CTVs, potentially affecting toxicity and tumor control rates (27). For 

instance, the currently published reworked GETUG guidelines showed good user-friendliness 

and promising target volume coverage (34, 35).  

 

The DVH analysis of collected treatment plans allowed to detect inconsistencies when compared 

to the provided information of the CRFs in all requested OAR. The value of aberrations of 

reported (CRF) from centrally detected (plan review) OAR constraint doses were most 

pronounced for the RW and BW. Especially the frequency of OAR dose constraint exceedance 

reported by the CRFs was considerably higher than the observations of the central DVH-

analysis. Remarkably, these variations, problems of adequate reporting, occurred despite using 

documentation procedures according to the EORTC recommendations and applying established 

and standardized CRFs of XXX. Thus we believe a central collection of treatment plans and 
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critical review of reported data should be required for subsequent trials. In this aspect, especially 

when DVH analysis is used to reevaluate dose constraints or delineation recommendations, the 

analysis of collected treatment plans seems obligatory, as the use of parameters reported by 

CRFs jeopardizes the risk of misinformation (supplementary Table 3, supplementary Figure 1). 

Furthermore, we detected a significant difference in the frequency of specific deviation items and 

the overall number of deviations between the participating centers. Thus, there are centers with 

better adherence to the trial protocol versus centers with more deviations. In this context, the 

observed correlation of necessary DRs before center activation and the number of overall 

deviations is an additional important finding. Apparently, some centers have more problems to 

fulfill the requirements of outlining and treatment planning as per protocol (21). 

Probably, despite the performed QA program with a DR and the ICR of the first five participating 

patients at each center, a more intense and continuous observation of protocol adherence is 

necessary. Instead of an ICR of the first five patients, an on-trial prospective ICR of every 

participating patient could be a procedure to improve the quality of target volume delineation and 

treatment planning.  

Our results suggest no significant reduction of the probability of deviations in the first five 

patients versus the following patients at the centers. Fluctuation of the medical staff and, 

consequently, differences in training and knowledge of the treatment planning personnel (e.g., 

some staff members have not performed the benchmark case or do not receive the ICR 

feedback) are known challenges. This issue could be the reason for the observation of an 

unsatisfactory learning curve.  

The repeated and continuous feedback in an on-trial ICR of every patient could solve these 

problems. Results of the CCHiP trial also showed a remarkable number of deviations in the 

benchmark case. However, an on-trial ICR was performed, and apart from a still high frequency 

of outlining deviations, treatment planning quality could be improved (17). Likewise, the RAVES 

trial benchmark case review reported many deviations. The pending analysis of the real-time QA 

                  



21 
 

for all RAVES participants will deliver additional insights into the trial adherence issue (25). 

Particularly, early detection of centers with more problems (as described above, positive 

correlation of the number of necessary DR and frequency of deviations in the ongoing trial) and, 

consequently, strengthening observation, training, and feedback could improve trial protocol 

adherence. 

 

Overall, despite a thorough QA program, we detected a notable lack of adherence to the “XXXX-

Anonymized for Review” trial protocol. Yet, the deviations had a moderate impact on toxicity and 

oncological outcome. Hence, we can assume that regardless of the limitation of our QA 

program, the protocol adherence would be even inferior without the performed QA procedure 

and would potentially result in a worse impact on patients’ outcomes.  

Our trial importantly reaffirms the critical need, to test and improve existing RT-QA programs to 

enhance adherence to treatment protocols and ensure high-quality treatments (28). 

Furthermore, XXX trial will be prospectively collecting information on patterns of recurrence for 

comparison with the centrally archived treatment plans. The results presented in this work plus 

data collected at longer follow-up may help improve postoperative strategies for target 

delineation.  

Thus, this work represents a critical contribution to the process of refining future QA programs 

and delineation guidelines. This central data collection allows big data analytics and 

developments in knowledge-based planning (KBP) to improve the efficiency of the treatment 

planning process while ensuring high-quality treatment plans (36). 

Although a prospective on-trial ICR can continuously improve trial protocol adherence, it requires 

a remarkable workload and high associated costs. Therefore, more cost-effective QA strategies 

are warranted in clinical trials involving RT (E.g., machine learning and artificial intelligence (AI)). 

For instance, several companies offer commercial AI contouring solutions that can be used for 

standardized delineation of OAR. In addition, KBP, can play a central role in the refinement of 
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treatment quality and protocol adherence in future trials (36-39).  

Summing up, the combination of a specific DR, a rigorous on-trial prospective ICR, the 

application of user-friendly delineation guidelines, e.g.(34), and the implementation of AI 

contouring solutions and KBP in the future could improve the quality in subsequent trials. 

 

Conclusions: 

The “XXXX-Anonymized for Review” QA central review showed high variation rates from an 

EORTC-based protocol associated with increased acute GI and late GU toxicity and a trend 

towards worse FFBP. These data could be helpful to refine future RT-QA programs and 

postoperative delineation guidelines.  
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Figure Captions:  

 

 

Table 1: 

Frequency of missing structures and delineation deviations in treatment plan review. 

(CTV: clinical target volume; PB: prostate bed; RW: rectal wall; BW: bladder wall; OAR: organs 

at risk; PTV: planning target volume; R1: microscopical involved tumor margin; VUA: urethra-

vesical anastomosis; * excluding hemostatic clips) 

 

 

Table 2: 

Influence of treatment plan parameters on acute and late toxicity. 

(AE: adverse event; CTV: clinical target volume; GI: gastrointestinal; GU: genitourinary; PB: 

prostate bed; RW: rectal wall; BW: bladder wall)  

 

Table 3: 

Impact of deviations in volume delineation or treatment parameters on freedom from biochemical 

progression. Results from univariable Cox regressions, asessing associations between 

biochemical progression and treatment parameters   

(FFBP: freedom from biochemical progression; CTV: clinical target volume; PTV: planning target 

volume; PB: prostate bed; R1: microscopic involved tumor margin; VUA: urethra-vesical 

anastomosis) 

 

Figure 1: 

Comparison of rectal wall dose constraints according to PB and CTV overlap with rectal wall 

(CTV: clinical target volume) 
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Supplementary table 1: 

Comparison of inter center differences in individual deviations, and comparison of non-

university- versus university- and private- versus public centers 

(CTV: clinical target volume; PB: prostate bed; RW: rectal wall; BW: bladder wall; PTV: planning 

target volume; R1: microscopical involved tumor margin; VUA: urethra-vesical anastomosis; * 

excluding hemostatic clips) 

 

Supplementary table 2:  

Number of deviations by patient and center (Poisson regression) [positive estimate = more 

deviations, negative estimate = less deviations compared to reference center] 

 

 

Supplementary table 3: 

Consistency of reported organ at risk doses in case report forms versus true detected values in 

centrally archived treatment plans 

(DVH: dose-volume histogram; CRF: case report form; RW: rectal wall; BW: bladder wall; * 

differences of less than +/- 5% were defined as still consistent) 

 

 

 

Supplementary Figure 1: 

Box-plots of differences between reported organ at risk doses in case report forms versus true 

detected values in centrally archived treatment plans 
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Radiation treatment plan review  
N=344 
 

Missing structures N (%) 

PB 38 (11%) 

CTV 7 (2%) 

Rectum 29 (8.4%) 

RW 12 (3.5%) 

Bladder 14 (4.1%) 

BW 20 (5.8%) 

Delineation deviations (OAR) N (%) 

Incorrect RW  141 (41%) 

Incorrect rectum 127 (37%) 

Incorrect BW 125 (36.3%) 

Incorrect bladder 100 (29.1%) 

Incorrect penile bulb 27 (7.8%) 

Delineation deviations (prostate bed) N (%) 

Incorrect PB  168 (48.8%) 

PB overlapping RW 36 (10.5%) 

PB not including all surgical* clips 186 (54.1%) 

PB incomplete VUA coverage 9 (2.6%) 

Delineation deviations (CTV, PTV) N (%) 
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CTV overlapping RW 54 (15.7%) 

CTV not including all surgical* clips 146 (42.4%) 

PTV not including all surgical* clips 89 (25.9%) 

CTV correct based on R1 status (R1: 
N=154) 

57 (16.6%) 
(37.0% of R1) 

CTV incorrect based on R1 status (R1: 
N=154) 

81 (23.5%) 
(52.5% of R1) 

No statement to CTV based on R1 possible 
(R1: N=154) 

15 (4.4%) 
(9.7% of R1) 

CTV incomplete VUA coverage 4 (1.2%) 

PTV incomplete VUA coverage 0 

   
Table 1: Radiation treatment plan review 
 
 
 
 
 
 
 
 
 

 
 

 Acute GI toxicity Acute GU toxicity 

Variable 

GI AE 
highest 

grade <2  

[N (%)] 

GI AE 
highest 

grade >=2 

[N (%)] 
P-

value 

GU AE 
highest 

grade <2 

[N (%)] 

GU AE 
highest grade 

>=2 

[N (%)] 
P-

value 

PB overlapping 
RW 

  0.239   0.834 

.     absent 258 (90.5%) 50 (84.7%)  241 (89.3%) 67 (90.5%)  

.     present 27 (9.5%) 9 (15.3%)  29 (10.7%) 7 (9.5%)  

CTV overlapping 
RW 

  0.031   0.718 

.     absent 246 (86.3%) 44 (74.6%)  226 (83.7%) 64 (86.5%)  

.     present 39 (13.7%) 15 (25.4%)  44 (16.3%) 10 (13.5%)  
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 Acute GI toxicity Acute GU toxicity 

Variable 

GI AE 
highest 

grade <2  

[N (%)] 

GI AE 
highest 

grade >=2 

[N (%)] 
P-

value 

GU AE 
highest 

grade <2 

[N (%)] 

GU AE 
highest grade 

>=2 

[N (%)] 
P-

value 

BW or bladder 
missing 

  0.478   0.826 

.     absent 255 (89.5%) 55 (93.2%)  244 (90.4%) 66 (89.2%)  

.     present 30 (10.5%) 4 (6.8%)  26 (9.6%) 8 (10.8%)  

RW or rectum 
missing 

  1.000   0.224 

.     absent 251 (88.1%) 52 (88.1%)  241 (89.3%) 62 (83.8%)  

.     present 34 (11.9%) 7 (11.9%)  29 (10.7%) 12 (16.2%)  

Rectum 
delineation 
incorrect 

  1   0.416 

.     absent 180 (63.2%) 37 (62.7%) . 167 (61.9%) 50 (67.6%) . 

.     present 105 (36.8%) 22 (37.3%) . 103 (38.1%) 24 (32.4%) . 

RW delineation 
incorrect 

  0.773   0.182 

.     absent 167 (58.6%) 36 (61.0%) . 154 (57.0%) 49 (66.2%) . 

.     present 118 (41.4%) 23 (39.0%) . 116 (43.0%) 25 (33.8%) . 

Bladder 
delineation 
incorrect  

  0.211   0.315 

.     absent 198 (69.5%) 46 (78.0%) . 195 (72.2%) 49 (66.2%) . 

.     present 87 (30.5%) 13 (22.0%) . 75 (27.8%) 25 (33.8%) . 

BW delineation 
incorrect 

  0.553   0.892 

.     absent 179 (62.8%) 40 (67.8%) . 171 (63.3%) 48 (64.9%) . 

.     present 106 (37.2%) 19 (32.2%) . 99 (36.7%) 26 (35.1%) . 

 
 

 Late GI toxicity Late GU toxicity 

Variable 

GI AE 
highest 

grade <2  

[N (%)] 

GI AE 
highest 

grade >=2 

[N (%)] 
P-

value 

GU AE 
highest 

grade <2 

[N (%)] 

GU AE 
highest grade 

>=2 

[N (%)] 
P-

value 
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 Late GI toxicity Late GU toxicity 

Variable 

GI AE 
highest 

grade <2  

[N (%)] 

GI AE 
highest 

grade >=2 

[N (%)] 
P-

value 

GU AE 
highest 

grade <2 

[N (%)] 

GU AE 
highest grade 

>=2 

[N (%)] 
P-

value 

PB overlapping 
RW 

  0.357   0.053 

.     absent 254 (90.1%) 50 (86.2%) . 219 (91.6%) 85 (84.2%) . 

.     present 28 (9.9%) 8 (13.8%) . 20 (8.4%) 16 (15.8%) . 

CTV overlapping 
RW 

  0.551   0.013 

.     absent 236 (83.7%) 51 (87.9%) . 194 (81.2%) 93 (92.1%) . 

.     present 46 (16.3%) 7 (12.1%) . 45 (18.8%) 8 (7.9%) . 

BW or bladder 
missing 

  0.478   0.553 

.     absent 252 (89.4%) 54 (93.1%) . 213 (89.1%) 93 (92.1%) . 

.     present 30 (10.6%) 4 (6.9%) . 26 (10.9%) 8 (7.9%) . 

RW or rectum 
missing 

  1   0.279 

.     absent 248 (87.9%) 51 (87.9%) . 207 (86.6%) 92 (91.1%) . 

.     present 34 (12.1%) 7 (12.1%) . 32 (13.4%) 9 (8.9%) . 

Rectum 
delineation 
incorrect 

  1   0.902 

.     absent 178 (63.1%) 37 (63.8%) . 152 (63.6%) 63 (62.4%) . 

.     present 104 (36.9%) 21 (36.2%) . 87 (36.4%) 38 (37.6%) . 

RW delineation 
incorrect 

  1   0.718 

.     absent 167 (59.2%) 34 (58.6%) . 143 (59.8%) 58 (57.4%) . 

.     present 115 (40.8%) 24 (41.4%) . 96 (40.2%) 43 (42.6%) . 

Bladder 
delineation 
incorrect  

  0.635   0.517 

.     absent 197 (69.9%) 43 (74.1%) . 166 (69.5%) 74 (73.3%) . 

.     present 85 (30.1%) 15 (25.9%) . 73 (30.5%) 27 (26.7%) . 

BW delineation 
incorrect 

  1   0.807 

.     absent 178 (63.1%) 37 (63.8%) . 150 (62.8%) 65 (64.4%) . 
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 Late GI toxicity Late GU toxicity 

Variable 

GI AE 
highest 

grade <2  

[N (%)] 

GI AE 
highest 

grade >=2 

[N (%)] 
P-

value 

GU AE 
highest 

grade <2 

[N (%)] 

GU AE 
highest grade 

>=2 

[N (%)] 
P-

value 

.     present 104 (36.9%) 21 (36.2%) . 89 (37.2%) 36 (35.6%) . 

 
 
Table 2: Influence of treatment plan parameters on acute and late toxicity. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Treatment parameters 

FFBP 

Hazard ratio (95% CI) P-value 

CTV correct based on R1 (No vs. Yes) 1.18 (0.75, 1.87) 0.4 

CTV incorrect based on R1 (No vs. Yes) 1.15 (0.76, 1.72) 0.5 

PTV not including clips (No vs. Yes) 1.44 (0.96, 2.17) 0.07 

CTV not including clips (No vs. Yes) 1.08 (0.78, 1.52) 0.6 

PB not including clips (No vs. Yes) 0.91 (0.65, 1.27) 0.5 
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Treatment parameters 

FFBP 

Hazard ratio (95% CI) P-value 

CTV not completely including VUA (No vs. Yes) 0.39 (0.12, 1.22) 0.1 

PB not completely including VUA (No vs. Yes) 0.77 (0.31, 1.87) 0.5 

CTV margin <5mm, not posteriorly (No vs. Yes) 0.84 (0.59, 1.20) 0.3 

CTV margin >5mm, all directions (No vs. Yes) 0.75 (0.24, 2.35) 0.6 

PTV margins >10mm, not posterior (No vs. Yes) 1.17 (0.43, 3.17) 0.7 

PTV margins <10mm, notposterior (No vs. Yes) 0.78 (0.54, 1.12) 0.1 

PB overlapping CTV (No vs. Yes) 0.72 (0.47, 1.12) 0.1 

 

Table 3: Results from univariable Cox regressions, asessing associations between biochemical 

progression (FFBP) and treatment parameters   
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