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Simple Summary: We looked at the long-term quality of life of patients treated with modern
radiotherapy for relapsed prostate cancer after initial surgery. By comparing the original radiotherapy
treatment plans with the reported quality of life of the patients, we looked for correlations between the
doses received by the healthy pelvic organs and patients’ long-term quality of life. In contemporary
radiotherapy practice, healthy organs are spared as much as possible from the high doses required
to treat the cancer in order to avoid side effects. We were able to show that patient’s quality of life
may also be impacted by low doses to their pelvic organs. Therefore, it seems desirable that specific
thresholds need to be established in the low dose spectrum as well in order to further improve patients’
quality of life after radiotherapy. Since this is a complex endeavor requiring extensive research, we
provide future researchers with our entire dataset in order to hopefully facilitate their work.

Abstract: Introduction: Prostate bed radiotherapy (RT) is a major affecter of patients’ long-term
quality of life (QoL). To ensure the best possible outcome of these patients, dose constraints are key
for optimal RT planning and delivery. However, establishing refined dose constraints requires access
to patient-level data. Therefore, we aimed to provide such data on the relationship between OAR
and gastrointestinal (GI) as well as genitourinary (GU) QoL outcomes of a homogenous patient
cohort who received dose-intensified post-operative RT to the prostate bed. Furthermore, we aimed
to conduct an exploratory analysis of the resulting data. Methods: Patients who were treated with
prostate bed RT between 2010 and 2020 were inquired about their QoL based on the Expanded
Prostate Cancer Index Composite (EPIC). Those (n = 99) who received volumetric arc therapy (VMAT)
of at least 70 Gy to the prostate bed were included. Dose-volume histogram (DVH) parameters
were gathered and correlated with the EPIC scores. Results: The median age at the time of prostate
bed RT was 68.9 years, and patients were inquired about their QoL in the median 2.3 years after
RT. The median pre-RT prostate-specific antigen (PSA) serum level was 0.35 ng/mL. The median
duration between surgery and RT was 1.5 years. The median prescribed dose to the prostate bed was
72 Gy. A total of 61.6% received prostate bed RT only. For the bladder, the highest level of statistical
correlation (p < 0.01) was seen for V10-20Gy, Dmean and Dmedian with urinary QoL. For bladder
wall, the highest level of statistically significant correlation (p < 0.01) was seen for V5-25Gy, Dmean
and Dmedian with urinary QoL. Penile bulb V70Gy was statistically significantly correlated with
sexual QoL (p < 0.05). A larger rectal volume was significantly correlated with improved bowel
QoL (p < 0.05). Sigmoid and urethral DVH parameters as well as the surgical approach were not
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statistically significantly correlated with QoL. Conclusion: Specific dose constraints for bladder
volumes receiving low doses seem desirable for the further optimization of prostate bed RT. This may
be particularly relevant in the context of the aspiration of establishing focal RT of prostate cancer and
its local recurrences. Our comprehensive dataset may aid future researchers in achieving these goals.

Keywords: radiotherapy; quality of life; prostate cancer; prostate bed; dose-volume histogram;
dose constraints

1. Introduction

Developing dose constraints for organs at risk (OARs) to reduce toxicities has been a
key focus in radiation oncology research, from early consensus papers to the Quantitative
Analyses of Normal Tissue Effects in the Clinic (QUANTEC) publications [1,2]. In the years
post-QUANTEC, a variety of systematic reviews have tried to provide even more detailed
recommendations. However, these efforts are limited by the lack of accessible patient-
level data, which makes comparisons between different publications and meta-analyses
difficult [3].

Optimizing post-operative radiotherapy (RT) to the prostate bed has been a hot topic
in recent years because improving outcome and toxicity are both of great relevance for
patients’ long-term quality of life (QoL). In this setting, various highly regarded publications
have investigated timing, prescription dose, extent of treatment volume and added value
of prostate-specific membrane antigen (PSMA) positron emission tomography/computed
tomography (PET/CT), as well as necessity and choice of androgen deprivation therapy
(ADT) [4–11]. The introduction of intensity-modulated radiotherapy (IMRT) and volumetric
arc therapy (VMAT) has led to a more widespread adaptation of dose-intensified RT of the
prostate bed in Switzerland and other countries without high-level evidence for improved
outcome and held isotoxicity. At our institutions, we also followed this approach prior to
the publication of the results of the SAKK 09/10 randomized phase 3 trial [8].

Our goal was, therefore, to provide patient-level data on the relationship between
OAR doses and gastrointestinal (GI) as well as genitourinary (GU) QoL in patients who
received dose-intensified post-operative RT (either adjuvant or salvage) to the prostate bed
only. In addition, we present the results from an exploratory analysis of the resulting data.

2. Methods

The inclusion workflow is depicted in Figure 1. Three hundred and forty-seven
consecutive patients who received RT for prostate cancer in the post-operative setting at
our institution between 2010 and 2020 were identified and received the German versions
of two QoL questionnaires via mail in August 2020, unless a date of death had been
documented in our electronic health record. The questionnaires used were the Expanded
Prostate Cancer Index Composite (EPIC) and the International Prostate Symptom Score
(IPSS) [12–14]. The results of the former are presented herein. In addition, we asked the
patients for information regarding the physician that they were currently seeing for the
prostate cancer follow-up and sent related questions regarding the current disease status
to them.

We received a response from 208 patients. From 167 of these patients, we obtained
their QoL questionnaires, had treatment plans to export dose-volume histogram (DVH) pa-
rameters and obtained informed consent. Most contours (bladder, rectum, bowel, sigmoid,
penile bulb and femoral heads) had been created during routine clinical practice. Addi-
tional contours (e.g., bladder wall, urethra, anterior and posterior rectum) were created by
a medical student (L.H.) and were reviewed by a board-certified radiation oncologist (C.S.
or R.F.) at the time of analysis.
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Figure 1. Inclusion workflow. Abbreviations: IC—informed consent, RT—radiation therapy,
VMAT—volumetric intensity-modulated arc therapy.

To generate a homogeneous cohort in terms of RT parameters, only patients who had
no signs of metastases at the time of RT (n = 164), had been treated with VMAT (n = 130),
had been prescribed at least 70 Gy to the entire prostate bed (n = 128) and did not have signs
of recurrence (neither clinical nor biochemical) at the last documented follow-up (n = 99)
were included. Regarding the surgical technique, open, laparoscopic and robotic-assisted
prostatectomy with or without nerve sparing were allowed and included for analysis.

Data preprocessing, analysis and visualization were performed via Python (version
3.9.7) using the numpy (version 1.20.3), pandas (version 1.3.4) and seaborn (0.11.2) packages.

Correlation coefficients were calculated using the Pearson correlation coefficient pro-
vided by the pandas.corr method. The p-value of the correlation was calculated using the
scipy.stats.pearsonr method.
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Institutional review board approval was obtained from the ethical review committee
of the canton of Zurich for a project (project number: BASEC 2020-02112) to analyze the
effects and side effects of radiotherapy at our institution (ClinicalTrials.gov Identifier:
NCT05192876). Written informed consent for the analysis of anonymized clinical and
imaging data was obtained from all patients, and all data were gathered in accordance with
the World Medical Association Declaration of Helsinki: Research involving human subjects.

3. Results

The patient characteristics are provided in Table 1. The full patient-level dataset is
provided in Supplementary Table S1. The median age at diagnosis was 64.9 years (range:
50.8–77.6 years), the median age at surgery was 65.2 years (range: 51.1–77.8 years), the
median age at radiotherapy was 68.9 years (range: 51.6–83.4 years) and the median age
at the time of the survey was 72.1 years (range: 53.4–85.6 years). The median duration
between surgery and radiotherapy was 1.5 years (range: 0.1–17.7 years), and the median
follow-up after radiotherapy (i.e., the time from radiotherapy to the survey) was 2.3 years
(range: 0.2–7.6 years).

Table 1. Patient characteristics. Abbreviations: IQR = interquartile range, PSA = prostate-specific
antigen, RT = radiotherapy.

Characteristics Mean Median Range IQR

Age [years]
At diagnosis 64.4 64.9 50.8–77.6 61.0–68.5
At surgery 64.8 65.2 51.1–77.8 61.4–69.3

At radiotherapy 68.3 68.9 51.6–83.4 64.6–72.9
At survey 71.0 72.1 53.4–85.6 66.6–75.9

Follow-up after radiotherapy [years] 2.7 2.3 0.2–7.6 1.2–4.0
Pre-RT PSA [ng/mL] 0.90 0.35 0.0–12.2 0.21–0.64

Total dose to the prostate bed [Gy] 71.8 72 70–76 72–72
Dose per fraction [Gy] 1.92 2 1.8–2 2–2

Fifty-five patients (55.5%) had previously undergone robotic-assisted, twenty-two
patients (22.2%) had undergone open and sixteen patients (16.1%) had undergone laparo-
scopic prostatectomy. In six patients, the surgical technique was unknown. In 53 patients
(53.5%), the surgery was classified as nerve-sparing, while in 36 patients (36.3%), it was
not. In the remaining ten patients (10.1%), it was unclear whether nerve-sparing had
been performed.

The median pre-RT prostate-specific antigen (PSA) serum level PSA was 0.35 ng/mL
(range: 0–12.2 ng/mL). The patients were treated in fractions of either 1.8 Gy (n = 42, 42.4%)
or 2 Gy (n = 57, 57.6%). The total dose to the prostate bed, including any boost volumes,
ranged from 70 to 76 Gy with a median of 72 Gy. Thirty-eight patients (38.4%) received
prostate bed and pelvic lymph node irradiation, while the remaining sixty-one patients
(61.6%) received irradiation of the prostate bed alone. Histograms for selected patient
characteristics are presented in Figure 2.

Exploratory analyses resulted in significant correlations of several DVH parameters
regarding bladder as well as bladder wall dose with urinary QoL. This is illustrated by the
bladder dose correlation heatmap in Figure 3, while the heatmap for the bladder wall is
presented in Figure 4. Figure 5 provides exemplary scatterplots correlating the median
bladder dose with the five urinary QoL domains (urinary summary, urinary function,
urinary bother, urinary incontinence and urinary irritative/obstructive).

The urethral DVH parameters did not result in significant correlations with urinary
QoL, and the corresponding heatmap is also presented in the Supplementary Material
(Supplemental Figure S1). Increased penile bulb V70Gy was correlated with worse EPIC
sexual bother (Supplemental Figure S2).



Cancers 2023, 15, 3454 5 of 12

Cancers 2023, 15, 3454 5 of 13 
 

 

(53.5%), the surgery was classified as nerve-sparing, while in 36 patients (36.3%), it was 

not. In the remaining ten patients (10.1%), it was unclear whether nerve-sparing had been 

performed. 

The median pre-RT prostate-specific antigen (PSA) serum level PSA was 0.35 ng/mL 

(range: 0–12.2 ng/mL). The patients were treated in fractions of either 1.8 Gy (n = 42, 42.4%) 

or 2 Gy (n = 57, 57.6%). The total dose to the prostate bed, including any boost volumes, 

ranged from 70 to 76 Gy with a median of 72 Gy. Thirty-eight patients (38.4%) received 

prostate bed and pelvic lymph node irradiation, while the remaining sixty-one patients 

(61.6%) received irradiation of the prostate bed alone. Histograms for selected patient 

characteristics are presented in Figure 2. 

 

Figure 2. Histograms to illustrate the distributions of selected patient characteristics. 

Exploratory analyses resulted in significant correlations of several DVH parameters 

regarding bladder as well as bladder wall dose with urinary QoL. This is illustrated by 

the bladder dose correlation heatmap in Figure 3, while the heatmap for the bladder wall 

is presented in Figure 4. Figure 5 provides exemplary scatterplots correlating the median 

bladder dose with the five urinary QoL domains (urinary summary, urinary function, uri-

nary bother, urinary incontinence and urinary irritative/obstructive). 

Figure 2. Histograms to illustrate the distributions of selected patient characteristics.
Cancers 2023, 15, 3454  6  of  13 
 

 

 

Figure 3. Association between bladder dose and urine-related quality of  life. Positive correlation 

coefficients indicate a positive correlation, negative coefficients indicate a negative correlation and 

0 indicates no correlation. The significance level of the correlation coefficients is indicated by aster-

isks (* denotes p < 0.05, ** denotes p < 0.01 and *** denotes p < 0.001). 

Figure 3. Association between bladder dose and urine-related quality of life. Positive correlation
coefficients indicate a positive correlation, negative coefficients indicate a negative correlation and 0
indicates no correlation. The significance level of the correlation coefficients is indicated by asterisks
(* denotes p < 0.05, ** denotes p < 0.01 and *** denotes p < 0.001).
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Figure 5. Scatterplots of the median bladder dose [Gy] and different quality of life domains (urinary
summary, urinary function, urinary bother, urinary incontinence and urinary irritative/obstructive
symptoms). The line indicates the fit of a linear regression model, while translucent bands indicate the
95% confidence interval. While there was a significant correlation between the median bladder dose
with urinary summary, urinary function, urinary bother and urinary incontinence, the correlation
between the median bladder dose and irritative/obstructive symptoms did not reach significance.

Correlation heatmaps for the rectal, anterior rectal wall, posterior rectal wall and
sigmoid dose with gastrointestinal quality of life are provided in the Supplementary
Material and show a significant correlation between a larger rectal volume and an improved
QoL (Supplemental Figures S3–S6).

The surgical approach (invasiveness and nerve-sparing) was not correlated with QoL.
The respective heatmap is depicted in Figure 6.
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p < 0.001).

4. Discussion
4.1. Summary of Study Objectives and Cohort

We aimed to identify the DVH parameters correlated with long-term QoL after prosta-
tectomy and post-operative high-dose VMAT to the prostate bed. Patients had a median
age of 68.9 years at the time of RT and RT was conducted in a median of 1.5 years after
prostatectomy, therefore, typically in the salvage setting. About half of the patients had
undergone robotic surgery, and nerve-sparing was also conducted in about half of the
patients. As it was the national standard in Switzerland to deliver higher doses to the
prostate bed before the publication of the SAKK 09/10 trial, all of the patients had received
at least 70 Gy. According to institutional guidelines at the time, the recommended dose
to the entire prostate bed was 72 Gy, and a further focal boost of any detectable local
recurrence was strongly encouraged [8]. The prostate bed was contoured according to the
European Organisation for Research and Treatment of Cancer (EORTC) guidelines, and
post-operative RT was delivered as VMAT in all patients [15].
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4.2. Bladder Volumes and QoL

In our analyses, bladder dose was significantly correlated with long-term EPIC-based
QoL. As was to be expected, EPIC-based long-term QoL decreased with increasing median
bladder dose in almost all urinary-specific domains. Interestingly, specific bladder and
bladder wall DVH parameters were correlated with various urinary QoL domains. While
this was to be expected for bladder and bladder wall Dmean and Dmedian, we detected
that low-dose parameters, i.e., bladder V10Gy, bladder V15Gy, bladder V20Gy, bladder
wall V5Gy, bladder wall V10Gy, bladder wall V15Gy, bladder wall V20Gy and bladder
wall V25Gy, showed a significant negative correlation with the EPIC urinary summary.
Traditionally, volumes receiving higher doses (V40Gy and beyond) have been associated
with compromised QoL and increased late GU and GI toxicity [16–19]. Therefore, con-
temporary clinical practice requires the constraining of bladder volumes receiving higher
doses. According to our knowledge, there are no recommended constraints for volumes
receiving lower doses. In the SAKK 09/10 trial, it was required to keep the bladder wall
V65Gy lower or equal to 50% [8]. In the RADICALS trial, V50Gy < 80% and V60Gy < 50%
were used as bladder constraints [20]. The Veterans Affairs Radiation Oncology expert
panel recommends bladder V65Gy < 50% and bladder V40Gy < 70% for conventional
post-prostatectomy radiotherapy, and according to QUANTEC, bladder V65Gy < 50%,
bladder V70Gy < 35%, bladder V75Gy < 25% and bladder V80Gy < 15% are recommended
to circumvent increased late toxicity [21,22]. Our institution adhered to the QUANTEC
constraints during plan optimization. Rigorous adherence to the QUANTEC planning
objectives and the stringent use of VMAT with 10 MV may have circumvented increased
late toxicity as intended, but also led to increased low doses received by the OARs [23].
In turn, this may have led to our finding that volumes receiving low doses are correlated
with long-term urinary QoL. This could also explain why we did not find any stronger
correlations between DVH parameters, particularly those for OAR volumes receiving
high doses, except for penile bulb V70Gy, and any of the EPIC-based QoL items. How-
ever, this would then be true for most institutions utilizing current dose constraints and
intensity-modulated techniques.

However, online adaptive radiotherapy yields great potential for improving the toxic-
ity profile of pelvic RT because OAR doses can be substantially reduced [24].

4.3. Rectal Volumes and QoL

Our finding of larger rectal volumes being significantly correlated with improved
QoL may simply be attributable to the fact that smaller OAR volumes of the OARs were
irradiated when the OARs were larger.

4.4. Penile Bulb and QoL

Higher penile bulb doses have been correlated with erectile dysfunction in clinical tri-
als of RT for prostate cancer [25,26]. Furthermore, D60–70% < 70Gy is one of the constraints
for the penile bulb suggested by QUANTEC to ensure <55% severe erectile dysfunction.
Therefore, our finding of an increased penile bulb V70Gy being correlated with a worse
EPIC sexual bother score is not surprising, but consequently also illustrates that smaller
CTV to PTV margins may have been justified in order to avoid an unnecessary dose to the
penile bulb.

4.5. Relevance of the Study

In general, improving OAR sparing is not easily achievable in prostate-bed-only ra-
diotherapy or pelvic radiotherapy, since it remains challenging to ensure the consistency of
bladder and rectal filling despite standardized protocols for daily image-guided radiotherapy.

Overall, the findings of our work point toward the necessity for the establishment of
dose constraints for bladder and bladder wall volumes receiving lower doses in addition to
the existing high-dose constraints, which could also be investigated in current trials of dose
de-escalation for prostate cancer. Our results may also be of particular relevance for current
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endeavors of establishing focal radiotherapy of prostate cancer (ClinicalTrials.gov identifier:
NCT05616650) or prostate bed recurrences (ClinicalTrials.gov identifier: NCT05746806),
as well as for the further optimization of re-irradiation after previous prostate cancer
RT [27,28].

4.6. Strengths and Weaknesses

The strengths of this study include the homogenous, high-dose (>70 Gy) cohort and
the use of a comprehensive, disease-specific QoL questionnaire. In addition, the inclusion
of the entire dataset in Supplementary Table S1 enables the aggregation of our data as part
of larger systematic reviews and meta-analyses in the future. The study is limited by its
retrospective design and by the fact that the DVH parameters can only be correlated with
indicators of QoL and not specific symptoms such as pain, bleeding, obstruction, erectile
dysfunction, etc.

5. Conclusions

Specific dose constraints for bladder volumes receiving low doses seem desirable for
the further optimization of prostate bed RT. This may be particularly relevant in the context
of the aspiration of establishing focal RT of prostate cancer and its local recurrences. Our
comprehensive dataset may aid future researchers in achieving these goals.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15133454/s1, Figure S1. Association between urethra
dose and urinary quality of life; Figure S2. Association between penile bulb dose and sexual quality
of life; Figure S3. Association between rectal dose and bowel-related quality of life; Figure S4.
Association between anterior rectum dose and bowel-related quality of life; Figure S5. Association
between posterior rectum dose and bowel-related quality of life; Figure S6. Association between
sigmoid dose and bowel-related quality of life; Table S1: full patient-level dataset.

Author Contributions: Conceptualization: R.F. and D.R.Z.; methodology, R.F.; formal analysis, L.H.,
H.T., C.S. and P.W.; data curation, L.H., H.T. and P.W.; writing—original draft preparation, P.W., R.F.
and D.R.Z.; writing—review and editing, H.T., C.S., K.K., M.S., A.B. and S.B.; supervision, A.B., S.B.
and R.F.; project administration, D.R.Z. All authors have read and agreed to the published version of
the manuscript.

Funding: No funding was received for this project.

Institutional Review Board Statement: Verfügung der Kantonalen Ethikkommission Zürich: Die
Bewilligung wird erteilt. BASEC-Nr. 2020-02112.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The full dataset is provided in Supplementary Table S1.

Conflicts of Interest: P.W. has a patent application titled ‘Method for detection of neurological
abnormalities’ outside of the submitted work. The remaining authors declare no conflict of interest.

References
1. Emami, B.; Lyman, J.; Brown, A.; Cola, L.; Goitein, M.; Munzenrider, J.E.; Shank, B.; Solin, L.J.; Wesson, M. Tolerance of Normal

Tissue to Therapeutic Irradiation. Int. J. Radiat. Oncol. Biol. Phys. 1991, 21, 109–122. [CrossRef] [PubMed]
2. Bentzen, S.M.; Constine, L.S.; Deasy, J.O.; Eisbruch, A.; Jackson, A.; Marks, L.B.; Ten Haken, R.K.; Yorke, E.D. Quantitative

Analyses of Normal Tissue Effects in the Clinic (QUANTEC): An Introduction to the Scientific Issues. Int. J. Radiat. Oncol. Biol.
Phys. 2010, 76, S3–S9. [CrossRef]

3. Olsson, C.E.; Jackson, A.; Deasy, J.O.; Thor, M. A Systematic Post-QUANTEC Review of Tolerance Doses for Late Toxicity after
Prostate Cancer Radiation Therapy. Int. J. Radiat. Oncol. Biol. Phys. 2018, 102, 1514–1532. [CrossRef]

4. Petersen, P.M.; Cook, A.D.; Sydes, M.R.; Clarke, N.; Cross, W.; Kynaston, H.; Logue, J.; Neville, P.; Payne, H.; Parmar, M.K.; et al.
Salvage Radiation Therapy after Radical Prostatectomy: Analysis of Toxicity by Dose-Fractionation in the RADICALS-RT Trial.
Int. J. Radiat. Oncol. Biol. Phys. 2023. [CrossRef]

5. Kneebone, A.; Fraser-Browne, C.; Duchesne, G.M.; Fisher, R.; Frydenberg, M.; Herschtal, A.; Williams, S.G.; Brown, C.; Delprado,
W.; Haworth, A.; et al. Adjuvant Radiotherapy versus Early Salvage Radiotherapy Following Radical Prostatectomy (TROG
08.03/ANZUP RAVES): A Randomised, Controlled, Phase 3, Non-Inferiority Trial. Lancet Oncol. 2020, 21, 1331–1340. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers15133454/s1
https://www.mdpi.com/article/10.3390/cancers15133454/s1
https://doi.org/10.1016/0360-3016(91)90171-Y
https://www.ncbi.nlm.nih.gov/pubmed/2032882
https://doi.org/10.1016/j.ijrobp.2009.09.040
https://doi.org/10.1016/j.ijrobp.2018.08.015
https://doi.org/10.1016/j.ijrobp.2023.04.032
https://doi.org/10.1016/S1470-2045(20)30456-3


Cancers 2023, 15, 3454 11 of 12

6. Pollack, A.; Karrison, T.G.; Balogh, A.G.; Gomella, L.G.; Low, D.A.; Bruner, D.W.; Wefel, J.S.; Martin, A.-G.; Michalski, J.M.;
Angyalfi, S.J.; et al. The Addition of Androgen Deprivation Therapy and Pelvic Lymph Node Treatment to Prostate Bed Salvage
Radiotherapy (NRG Oncology/RTOG 0534 SPPORT): An International, Multicentre, Randomised Phase 3 Trial. Lancet 2022, 399,
1886–1901. [CrossRef]

7. Tran, P.T.; Lowe, K.; Wang, H.; Tsai, H.-L.; Song, D.Y.; Hung, A.; Hearn, J.W.D.; Lotan, T.L.; Paller, C.J.; Markowski, M.C.; et al.
Phase II, Double-Blind, Randomized Study of Salvage Radiation Therapy (SRT) plus Enzalutamide or Placebo for High-Risk
PSA-Recurrent Prostate Cancer after Radical Prostatectomy: The SALV-ENZA Trial. J. Clin. Oncol. 2022, 40, 5012. [CrossRef]

8. Ghadjar, P.; Hayoz, S.; Bernhard, J.; Zwahlen, D.R.; Hölscher, T.; Gut, P.; Polat, B.; Hildebrandt, G.; Müller, A.-C.; Plasswilm,
L.; et al. Dose-Intensified versus Conventional-Dose Salvage Radiotherapy for Biochemically Recurrent Prostate Cancer after
Prostatectomy: The SAKK 09/10 Randomized Phase 3 Trial. Eur. Urol. 2021, 80, 306–315. [CrossRef] [PubMed]

9. Meijer, D.; Eppinga, W.S.C.; Mohede, R.M.; Vanneste, B.G.L.; Meijnen, P.; Meijer, O.W.M.; Daniels, L.A.; van den Bergh, R.C.N.;
Lont, A.P.; Ettema, R.H.; et al. Prostate-Specific Membrane Antigen Positron Emission Tomography/Computed Tomography Is
Associated with Improved Oncological Outcome in Men Treated with Salvage Radiation Therapy for Biochemically Recurrent
Prostate Cancer. Eur. Urol. Oncol. 2022, 5, 146–152. [CrossRef] [PubMed]

10. Harmon, G.; Chan, D.; Lee, B.; Miller, C.; Gorbonos, A.; Gupta, G.; Quek, M.; Woods, M.; Savir-Baruch, B.; Harkenrider, M.M.; et al.
Validating Modern NRG Oncology Pelvic Nodal and Groupe Francophone de Radiothérapie Urologique Prostate Bed Contouring
Guidelines for Post-Prostatectomy Salvage Radiation: A Secondary Analysis of the LOCATE Trial. Int. J. Radiat. Oncol. Biol. Phys.
2021, 111, 1195–1203. [CrossRef]

11. Spratt, D.E.; Dai, D.L.Y.; Den, R.B.; Troncoso, P.; Yousefi, K.; Ross, A.E.; Schaeffer, E.M.; Haddad, Z.; Davicioni, E.; Mehra, R.; et al.
Performance of a Prostate Cancer Genomic Classifier in Predicting Metastasis in Men with Prostate-Specific Antigen Persistence
Postprostatectomy. Eur. Urol. 2018, 74, 107–114. [CrossRef] [PubMed]

12. Chang, P.; Szymanski, K.M.; Dunn, R.L.; Chipman, J.J.; Litwin, M.S.; Nguyen, P.L.; Sweeney, C.J.; Cook, R.; Wagner, A.A.; DeWolf,
W.C.; et al. Expanded Prostate Cancer Index Composite for Clinical Practice: Development and Validation of a Practical Health
Related Quality of Life Instrument for Use in the Routine Clinical Care of Patients with Prostate Cancer. J. Urol. 2011, 186, 865–872.
[CrossRef]

13. Barry, M.J.; Fowler, F.J., Jr.; O’Leary, M.P.; Bruskewitz, R.C.; Holtgrewe, H.L.; Mebust, W.K.; Cockett, A.T.; The Measurement
Committee of the American Urological Association. The American Urological Association Symptom Index for Benign Prostatic
Hyperplasia. J. Urol. 1992, 148, 1549–1557; Discussion 1564. [CrossRef]

14. Umbehr, M.H.; Bachmann, L.M.; Poyet, C.; Hammerer, P.; Steurer, J.; Puhan, M.A.; Frei, A. The German Version of the Expanded
Prostate Cancer Index Composite (EPIC): Translation, Validation and Minimal Important Difference Estimation. Health Qual. Life
Outcomes 2018, 16, 36. [CrossRef]

15. Poortmans, P.; Bossi, A.; Vandeputte, K.; Bosset, M.; Miralbell, R.; Maingon, P.; Boehmer, D.; Budiharto, T.; Symon, Z.; van den
Bergh, A.C.M.; et al. Guidelines for Target Volume Definition in Post-Operative Radiotherapy for Prostate Cancer, on Behalf of
the EORTC Radiation Oncology Group. Radiother. Oncol. 2007, 84, 121–127. [CrossRef]

16. Ghadjar, P.; Zelefsky, M.J.; Spratt, D.E.; Munck af Rosenschöld, P.; Oh, J.H.; Hunt, M.; Kollmeier, M.; Happersett, L.; Yorke, E.;
Deasy, J.O.; et al. Impact of Dose to the Bladder Trigone on Long-Term Urinary Function after High-Dose Intensity Modulated
Radiation Therapy for Localized Prostate Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2014, 88, 339–344. [CrossRef] [PubMed]

17. Akthar, A.S.; Wong, A.C.; Parekh, A.D.; Hubert, G.; Son, C.H.; Pelizzari, C.A.; Liauw, S.L. Late Toxicity after Post-Prostatectomy
Intensity Modulated Radiation Therapy: Evaluating Normal-Tissue Sparing Guidelines. Adv. Radiat. Oncol. 2018, 3, 339–345.
[CrossRef]

18. Jolnerovski, M.; Salleron, J.; Beckendorf, V.; Peiffert, D.; Baumann, A.-S.; Bernier, V.; Huger, S.; Marchesi, V.; Chira, C. Intensity-
Modulated Radiation Therapy from 70Gy to 80Gy in Prostate Cancer: Six- Year Outcomes and Predictors of Late Toxicity.
Radiat. Oncol. 2017, 12, 99. [CrossRef]

19. Thor, M.; Deasy, J.O.; Paulus, R.; Robert Lee, W.; Amin, M.B.; Bruner, D.W.; Low, D.A.; Shah, A.B.; Malone, S.C.; Michalski,
J.M.; et al. Tolerance Doses for Late Adverse Events after Hypofractionated Radiotherapy for Prostate Cancer on Trial NRG
Oncology/RTOG 0415. Radiother. Oncol. 2019, 135, 19–24. [CrossRef]

20. Parker, C.; Sydes, M.R.; Catton, C.; Kynaston, H.; Logue, J.; Murphy, C.; Morgan, R.C.; Mellon, K.; Morash, C.; Parulekar,
W.; et al. Radiotherapy and Androgen Deprivation in Combination after Local Surgery (RADICALS): A New Medical Research
Council/National Cancer Institute of Canada Phase III Trial of Adjuvant Treatment after Radical Prostatectomy. BJU Int. 2007, 99,
1376–1379. [CrossRef] [PubMed]

21. Solanki, A.A.; Puckett, L.L.; Kujundzic, K.; Katsoulakis, E.; Park, J.; Kapoor, R.; Hagan, M.; Kelly, M.; Palta, J.; Ballas, L.K.; et al.
Consensus Quality Measures and Dose Constraints for Prostate Cancer From the Veterans Affairs Radiation Oncology Quality
Surveillance Program and American Society for Radiation Oncology Expert Panel. Pract. Radiat. Oncol. 2023, 13, e149–e165.
[CrossRef]

22. Marks, L.B.; Yorke, E.D.; Jackson, A.; Ten Haken, R.K.; Constine, L.S.; Eisbruch, A.; Bentzen, S.M.; Nam, J.; Deasy, J.O. Use of
Normal Tissue Complication Probability Models in the Clinic. Int. J. Radiat. Oncol. Biol. Phys. 2010, 76, S10–S19. [CrossRef]
[PubMed]

https://doi.org/10.1016/S0140-6736(21)01790-6
https://doi.org/10.1200/JCO.2022.40.16_suppl.5012
https://doi.org/10.1016/j.eururo.2021.05.033
https://www.ncbi.nlm.nih.gov/pubmed/34140144
https://doi.org/10.1016/j.euo.2022.01.001
https://www.ncbi.nlm.nih.gov/pubmed/35074282
https://doi.org/10.1016/j.ijrobp.2021.05.009
https://doi.org/10.1016/j.eururo.2017.11.024
https://www.ncbi.nlm.nih.gov/pubmed/29233664
https://doi.org/10.1016/j.juro.2011.04.085
https://doi.org/10.1016/S0022-5347(17)36966-5
https://doi.org/10.1186/s12955-018-0859-1
https://doi.org/10.1016/j.radonc.2007.07.017
https://doi.org/10.1016/j.ijrobp.2013.10.042
https://www.ncbi.nlm.nih.gov/pubmed/24411606
https://doi.org/10.1016/j.adro.2018.04.009
https://doi.org/10.1186/s13014-017-0839-3
https://doi.org/10.1016/j.radonc.2019.02.014
https://doi.org/10.1111/j.1464-410X.2007.06844.x
https://www.ncbi.nlm.nih.gov/pubmed/17428247
https://doi.org/10.1016/j.prro.2022.08.018
https://doi.org/10.1016/j.ijrobp.2009.07.1754
https://www.ncbi.nlm.nih.gov/pubmed/20171502


Cancers 2023, 15, 3454 12 of 12

23. Zwahlen, D.R.; Lang, S.; Hrbacek, J.; Glanzmann, C.; Kloeck, S.; Najafi, Y.; Streller, T.; Studer, G.; Zaugg, K.; Luetolf, U.M. The
Use of Photon Beams of a Flattening Filter-Free Linear Accelerator for Hypofractionated Volumetric Modulated Arc Therapy in
Localized Prostate Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2012, 83, 1655–1660. [CrossRef] [PubMed]

24. Christiansen, R.L.; Dysager, L.; Hansen, C.R.; Jensen, H.R.; Schytte, T.; Nyborg, C.J.; Bertelsen, A.S.; Agergaard, S.N.; Mahmood,
F.; Hansen, S.; et al. Online Adaptive Radiotherapy Potentially Reduces Toxicity for High-Risk Prostate Cancer Treatment.
Radiother. Oncol. 2022, 167, 165–171. [CrossRef] [PubMed]

25. Rasmusson, E.; Gunnlaugsson, A.; Wieslander, E.; Höglund, P.; Widmark, A.; Fransson, P.; Kjellén, E.; Nilsson, P. Erectile
Dysfunction and Absorbed Dose to Penile Base Structures in a Randomized Trial Comparing Ultrahypofractionated and
Conventionally Fractionated Radiation Therapy for Prostate Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2020, 107, 143–151. [CrossRef]

26. Murray, J.; Tree, A.C. Prostate Cancer—Advantages and Disadvantages of MR-Guided RT. Clin. Transl. Radiat. Oncol. 2019,
18, 68–73. [CrossRef]

27. Munoz, F.; Fiorica, F.; Caravatta, L.; Rosa, C.; Ferella, L.; Boldrini, L.; Fionda, B.; Alitto, A.R.; Nardangeli, A.; Dionisi, F.; et al.
Outcomes and Toxicities of Re-Irradiation for Prostate Cancer: A Systematic Review on Behalf of the Re-Irradiation Working
Group of the Italian Association of Radiotherapy and Clinical Oncology (AIRO). Cancer Treat. Rev. 2021, 95, 102176. [CrossRef]
[PubMed]

28. Zhong, J.; Brown, S.; Serra, M.; Shuttleworth, P.; Bownes, P.; Thompson, C.; Reed, R.; Reeves, K.; Dubec, M.; McHugh, D.; et al.
Reirradiation Options for Previously Irradiated Prostate Cancer (RO-PIP): Feasibility Study Investigating Toxicity Outcomes
Following Reirradiation with Stereotactic Body Radiotherapy (SBRT) versus High-Dose-Rate Brachytherapy (HDR-BT). BMJ Open
2022, 12, e068580. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ijrobp.2011.10.019
https://www.ncbi.nlm.nih.gov/pubmed/22572080
https://doi.org/10.1016/j.radonc.2021.12.013
https://www.ncbi.nlm.nih.gov/pubmed/34923034
https://doi.org/10.1016/j.ijrobp.2020.01.022
https://doi.org/10.1016/j.ctro.2019.03.006
https://doi.org/10.1016/j.ctrv.2021.102176
https://www.ncbi.nlm.nih.gov/pubmed/33743409
https://doi.org/10.1136/bmjopen-2022-068580

	1
	Introduction 
	Methods 
	Results 
	Discussion 
	Summary of Study Objectives and Cohort 
	Bladder Volumes and QoL 
	Rectal Volumes and QoL 
	Penile Bulb and QoL 
	Relevance of the Study 
	Strengths and Weaknesses 

	Conclusions 
	References

