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Abstract
Purpose To quantify the relationship between the rectal dose distribution and the prevalence of self-reported rectal bleeding 
among men treated with salvage radiotherapy (ST) delivered by three-dimensional conformal radiotherapy (3DCRT) for 
prostate cancer. To use this relationship to estimate the risk of rectal bleeding for a contemporary cohort of patients treated 
with volumetric modulated arc therapy (VMAT) ST.
Methods and patients Rectal bleeding of any grade was reported by 56 (22%) of 255 men in a PROM-survey at a median 
follow-up of 6.7 years after 3DCRT ST. Treatment plan data were extracted and dose–response relationships for the rectal 
volumes receiving at least 35 Gy  (V35Gy) or 63 Gy  (V63Gy) were calculated with logistic regression. These relationships were 
used to estimate the risk of rectal bleeding for a cohort of 253 patients treated with VMAT ST.
Results In the dose–response analysis of patients in the 3DCRT ST cohort, both rectal  V35Gy and  V63Gy were statistically 
significant parameters in univariable analysis (p = 0.005 and 0.003, respectively). For the dose–response models using either 
rectal  V35Gy or  V63Gy, the average calculated risk of rectal bleeding was 14% among men treated with VMAT ST compared 
to a reported prevalence of 22% for men treated with 3DCRT ST.
Conclusions We identified dose–response relationships between the rectal dose distribution and the risk of self-reported 
rectal bleeding of any grade in a long-term perspective for men treated with 3DCRT ST. Furthermore, VMAT ST may have 
the potential to decrease the prevalence of late rectal bleeding.
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Introduction

Rectal bleeding as a side-effect after prostate cancer radia-
tion therapy, PCRT, is frequently reported and the extent has 
been shown to be related to absorbed dose to the rectum [1, 
2]. However, most data are from primary PCRT while there 
is limited information on the risk of rectal bleeding in the 
postoperative setting, delivered by salvage radiation therapy, 
ST [3, 4]. Since ST is a rescue after radical prostatectomy in 
prostate cancer and the only curative treatment option when 
there is a PSA-relapse after surgery, knowledge of curability 
and side-effects seem crucial. As many as 30–40% of the 
patients treated for prostate cancer with surgery will suffer 
from PSA-relapse [5–7] and will probably be presented the 
option on ST.

In a recent study in our department, we investigated 
patient-reported outcomes after ST. A cohort of men, 
treated with 3DCRT during 2005–2010, was invited 
and 255/325 adhered the invitation and shared their 
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experiences on side-effects (manuscript accepted, https ://doi.
org/10.1080/21681 805.2020.17829 80) in a cross-sectional 
survey on Patient Reported Outcome Measures (PROM). A 
group of men matched according to age, year of surgery, and 
hospital, that had gone through only radical prostatectomy 
(RP) served as a control group. The median time from sur-
gery to survey was 10 years. For the men treated with ST, 
the median time from ST to survey was 6.7 years. In the ST 
group, symptoms from the rectum with bleeding and leakage 
were dominating; almost every fourth patient reported any 
bleeding at the time of the survey. To help overcome the lack 
of data in the postoperative setting [8], we investigated the 
relationship between rectal irradiation and patient-reported 
late rectal bleeding in the 3DCRT ST setting. Furthermore, 
since many patients today are treated by volumetric modu-
lated arc therapy (VMAT) we also investigated how these 
results could be applied in the VMAT ST setting.

The aim of this work was to quantify the relationship 
between the rectal dose distribution and the prevalence 
of self-reported rectal bleeding among men treated with 
3DCRT ST for prostate cancer. This relationship was then 
used to estimate the risk of rectal bleeding for a contempo-
rary cohort of patients treated with VMAT ST.

Methods and patients

Two cohorts of men treated with ST following radical pros-
tatectomy at the Sahlgrenska University Hospital, Göteborg, 
Sweden were investigated in this study. The Research Eth-
ics Board at Gothenburg University Hospital approved the 
study (EPN 488-13). The first cohort, Group 1, consisted of 
all men that underwent 3DCRT ST during 2005–2010, still 
alive (n = 324). They were invited to participate in a study on 
treatment-related morbidity after RT. The survey was given 
as a questionnaire to be filled out at home and then returned 
to the office. The survey is used nationwide in Sweden and 
data are available through the National Prostate Cancer Reg-
ister (NPCR, www.npcr.se, [9, 10]. In short, 255 (79%) out 
of 324 men filled out and returned the questionnaire. Fifty-
six (22%) out of 255 reported any grade (‘a little’, ‘to some 
extent’,’very much’) of rectal bleeding according to the ques-
tion ‘Do you have blood in your stools?’ The median time to 
follow-up was 6.7 years [range 5.3–8.2]. The second cohort, 
Group 2, were all patients treated with VMAT ST during 
2017–2018 (n = 253). For the patients in Group 2, follow-up 
data on rectal bleeding were not available.

Treatment procedure and collection of treatment 
plan data

In Group 1, pre-treatment CT imaging with a slice thick-
ness of 2.5–5 mm were acquired for treatment planning. In 

Group 2, pre-treatment CT imaging with a slice thickness of 
2–3 mm were acquired. Patient instructions at CT imaging 
were to empty the rectum and to keep a comfortably filled 
bladder. For the treatment sessions, no instructions on rectal 
emptying was given but the bladder instruction was the same 
as for the CT imaging. In Group 1, instructions for CTV 
delineation varied according to the physician’s discretion but 
from 2007 the EORTC guidelines were gradually introduced 
[11]. In Group 2, the CTV was mostly delineated accord-
ing to the RTOG guidelines [12]. In Group 1, the CTV-to-
PTV margin was 10 or 15 mm in all directions while it was 
10 mm in all directions for patients in Group 2. The rectum 
and the bladder were considered organs-at-risk and were 
delineated, including filling, for all patients. The instruction 
for rectum delineation was to contour from the anal canal to 
the sigmoidal-rectum inflection point or to 5 cm superiorly 
of the midpoint of the target, whichever occurred first.

For the patients in Group 1, 248 out of 255 treatment 
plans were created using a 3DCRT technique with typically 
one anterior–posterior field and two opposed lateral fields 
(Eclipse, Varian Medical Systems, Palo Alto, CA, US). All 
fields had a photon beam energy of 15 MV and were individ-
ually shaped with a multi-leaf collimator (MLC) and wedges 
were used, whenever judged to be appropriate. Seven treat-
ment plans in Group 1 were 7-field IMRT plans with a pho-
ton beam energy of 6 MV. For the patients in Group 2, all 
253 treatment plans were created using a VMAT technique 
with two 360-degree arcs each using a photon beam energy 
of 6 MV.

The prescribed dose was in all cases 70 Gy in 2-Gy frac-
tions (35 × 2.0 Gy). Treatment plan objectives included that 
the PTV should be covered by the 95% isodose and that the 
CTV mean dose should be 70 Gy. For patients in Group 1, 
the planning instructions were to minimize the rectal dose. 
In Group 2, the rectal treatment planning objectives were 
to keep the relative rectal volume receiving at least 35 Gy 
below 50%  (V35Gy < 50%) and that the relative rectal volume 
receiving at least 63 Gy  (V63Gy) should be minimized. The 
dose levels of 35 and 63 Gy correspond to 50 and 90% of 
the 70-Gy prescription dose, respectively. Figure 1 shows a 
sagittal view of one 3DCRT ST treatment plan and of one 
VMAT ST treatment plan.

The treatment was delivered by daily 2-Gy fractions for 
7 weeks. In Group 1, laser-based setup followed by orthog-
onal kilovoltage (kV) or megavoltage (MV) imaging was 
done for the first four fractions. For these four fractions, the 
treatment couch was moved according to the bony anatomy 
match and in the subsequent fractions, the patient was set 
up according to the average of the first four couch positions. 
One additional acquisition of orthogonal kV or MV images 
per week was then used to confirm the used setup. In Group 
2, patients were imaged by daily orthogonal kV imaging and 
positioned according to bony anatomy.
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Data collection and statistical analysis

For all patients in both groups, we extracted the rectal vol-
umes, the relative rectal  V35Gy and  V63Gy, and the PTV vol-
umes using the Eclipse scripting functionality. Rectal  V35Gy 
and  V63Gy were chosen since these are our clinically used 
treatment plan objectives, and they are in accordance with 
previously investigated rectal volume parameters [13, 14].

For patients in Group 1, we performed dose–response 
analysis to quantify the impact of rectal dose on the risk of 
rectal bleeding. Each patient contributed with an endpoint 
of either 0 (no rectal bleeding) or 1 (rectal bleeding). Rela-
tive rectal  V35Gy and  V63Gy were separately investigated in 
univariable logistic regression using the maximum likeli-
hood estimation method. No multivariable analysis was per-
formed. Statistical significance for the models were assessed 
with the likelihood ratio test and a p value below 0.05 was 
considered statistically significant. Confidence intervals 
(CIs) for the dose–response curves were estimated with 
bootstrapping using 5000 bootstrap samples.

The resulting dose–response relationships were used to 
calculate the probability of rectal bleeding for each patient in 
both groups. Welch’s t test (Student’s unpaired t test without 
assuming equal variances) was used to assess differences 
between Group 1 and 2 for relative rectal  V35Gy, relative rec-
tal  V63 Gy, and the calculated probabilities. Group-wise dif-
ferences between rectal volumes,  V35Gy and  V63Gy were also 
assessed with Welch’s t test. The 95% CIs for average dif-
ferences between groups were calculated. The relationship 
between the PTV volume and rectal dose  (V35Gy and  V63Gy) 
was assessed using linear regression. All statistical analysis 
was performed in Matlab (version 2019b, The MathWorks 
Inc., Natick, MA, US).

Results

In the dose–response analysis of self-reported rectal bleed-
ing of any grade for the 255 patients in Group 1, both rela-
tive rectal  V35Gy and  V63Gy were statistically significant 

parameters in univariable analysis (p = 0.005 and p = 0.003, 
respectively). The estimated dose–response relationships 
and their 95% CIs are shown in Fig. 2.

The distribution of relative rectal  V35Gy and  V63Gy for 
both groups is given in the top row of Fig. 3. The average ± 1 
standard deviation (SD) rectal  V35Gy was 50.4 ± 14.8% for 
patients in Group 1 and 32.8 ± 7.4% for patients in Group 2. 
The average  V35Gy in Group 1 was 17.6 percentage points 
larger (95% CI 15.6–19.7) than in Group 2. The average 
rectal  V63Gy in Group 1 was 28.3 ± 9.0% and 16.0 ± 4.5% in 
Group 2. The average  V63Gy in Group 1 was 12.3 percentage 
points larger (95% CI 11.0–13.5) than in Group 2.

Calculated risks of rectal bleeding (applying the 
dose–response relationships in Fig. 2 using the  V35Gy and 
 V63Gy in the top row of Fig. 2) are shown in the bottom 
row of Fig. 3. For the dose–response model using  V35Gy 
as a parameter, the average calculated risk in Group 1 was 
22.0 ± 7.3% and 13.9 ± 2.6% in Group 2. The average calcu-
lated risk in Group 1 was 8.0 percentage points larger (95% 
CI 7.1–9.0) than in Group 2. For the dose–response model 
using  V63Gy as a parameter, the average calculated risk in 
Group 1 was 22.0 ± 7.7% and 12.8 ± 2.6% in Group 2. The 
average calculated risk in Group 1 was 9.2% points larger 
(95% CI 8.2–10.2) than in Group 2.

Distributions of rectal and PTV volumes are given in 
Fig. 4. The average delineated rectal volume was 73.5 ± 26.6 
 cm3 in Group 1 and 72.6 ± 26.2  cm3 in Group 2. The average 
delineated rectal volumes in Group 1 and Group 2 were sim-
ilar with an average difference of 0.9  cm3 (95% CI − 3.7–5.5 
 cm3). The average PTV volume was 177 ± 53  cm3 in Group 
1 and 221 ± 67  cm3 in Group 2. The PTV volume in Group 
2 was on average 43.2  cm3 larger (95% CI 32.6–53.8) than 
in Group 1.

The variation of rectal  V35Gy and  V63Gy by PTV volume 
for each group is given in Fig. 5. Within each group, average 
rectal  V35Gy and rectal  V63Gy were affected by the size of 
the PTV whereby larger PTV volumes were associated with 
higher average  V35Gy and  V63Gy. Increasing the PTV volume 
in Group 1 and Group 2 by 100  cm3 increases the  V35Gy 
by on average 4.8 and 3.1% points, respectively. Similarly, 

Fig. 1  Sagittal view of one typical treatment plan for three-dimen-
sional conformal radiotherapy (3DCRT, left-hand side) from Group 1 
and of one for volumetric modulated arc therapy (VMAT, right-hand 

side) from Group 2. The delineated rectums are shown in dark green, 
the clinical target volumes (CTVs) in red and the planning target vol-
umes (PTVs) in cyan
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increasing the PTV volume in Group 1 and Group 2 by 100 
 cm3 increases the  V63Gy by on average 3.1 and 1.2% points, 
respectively.

Discussion

In this study, we found relationships between absorbed dose 
to the rectum and the risk of rectal bleeding of any grade 
among 255 men treated with 3DCRT ST. Rectal bleed-
ing was assessed through a PROM survey administered in 
median 6.7 years after 3DCRT ST. Rectal  V35Gy and  V63Gy 
were both found to impact the risk of rectal bleeding and 
their relation to the probability of rectal bleeding was quan-
tified by dose–response relationships. The observed preva-
lence of any rectal bleeding for the patients treated with 
3DCRT ST (Group 1) was 22% (56/255), and using our esti-
mated dose–response relationships, the average calculated 
risk in the VMAT cohort (Group 2) was about 14%.

This is, to the best of our knowledge, the first study to 
have quantified relationships between rectal dose and the 
risk of patient-reported rectal bleeding among men treated 
by 3DCRT ST. Rectal bleeding, using mostly objective/
clinician-reported endpoint definitions, has previously been 

studied [13, 14]. Our results are in accordance with those 
previous studies in that larger irradiated rectal volumes to 
medium–high (35 Gy) and high (63 Gy) doses resulted in 
higher rates of rectal bleeding. The relationships in Fig. 2 
can be used to derive treatment plan objectives for future 
patients. For example, if a maximum risk for rectal bleeding 
of 15% is deemed acceptable, rectal  V35Gy should be kept 
below 36% and rectal  V63Gy below 20%.

The assessment of rectal bleeding can be through PROM 
data or objective/clinician-reported [15, 16] and the latter is 
the most utilized but is reported to underestimate the symp-
tom rates [17, 18]. In our study, we utilized a PROM survey 
which we consider will result in more clinically relevant 
estimates of symptom rates. Still, maybe the best evalua-
tion of rectal symptoms is a combination of the two, and, to 
also keep in mind the possibility that there are other rectal 
disorders that can cause the bleeding, not only depending on 
the delivered radiation treatment [1, 19]. In our cohort, there 
was, for instance, one patient with rectal bleeding and con-
comitant warfarin medication. In our PROM survey, there 
was also a control group, that had gone through surgery only 
(n = 485), and their response to the survey revealed a mere 
3% prevalence of rectal bleeding of any grade compared to 
22% in the 3DCRT ST group. This means that the majority 
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Fig. 2  Dose–response relationships for self-reported rectal bleeding 
of any grade. Left-hand side panel: the relationship between the rela-
tive rectal volume receiving at least 35 Gy  (V35Gy) and rectal bleed-
ing; right-hand side panel: the relationship between the relative rec-
tal volume receiving at least 63 Gy  (V63Gy) and rectal bleeding. Both 
panels: The solid black lines are the estimated relationships between 

the rectal dose and the probability of rectal bleeding, and the dashed 
black curves are the 95% confidence intervals (CIs). The observed 
data have been stratified into five bins to illustrate the model fit. The 
horizontal bars show the range for each bin and the vertical bars are 
the 95% CIs for the observed prevalence of rectal bleeding
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Fig. 3  Upper panels: Histograms of the distributions of the rela-
tive rectal volume receiving at least 35  Gy (V35Gy, left-hand side) 
and relative rectal volume receiving at least 63  Gy (V63Gy, right-
hand side). Lower panels: Histograms of the calculated risks of 

rectal bleeding for the dose–response model using rectal V35Gy as 
a parameter (left-hand side) and using rectal V65Gy as a parameter 
(right-hand side). In each panel, data are shown separately for Group 
1 and Group 2
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Fig. 4  Histograms of the distributions of delineated rectal volume (left-hand side) and the volume of the planning target volume (PTV, right-
hand side). In each panel, data are shown separately for Group 1 and Group 2
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of reported rectal bleeding most likely originates from the 
RT.

We estimated the potential benefit of VMAT ST to 
decrease the prevalence of rectal bleeding using rectal dose 
data from a contemporary cohort of patients treated at our 
institution. In this VMAT group, we found the calculated 
risk for rectal bleeding to be 13–14% which was consider-
ably lower than the 22% observed prevalence of rectal bleed-
ing in the 3DCRT group. However, the reaction to irradia-
tion of the rectum occurs in the rectal wall, not in its content, 
and will cause inflammation in the mucosa and develop tel-
angiectasias with time [20] which would be a major reason 
for rectal bleeding. Gomez et al., investigated the differences 
between contouring the whole rectum and the rectal wall 
in prostate cancer treatment with intensity-modulated RT 
(IMRT) [21]. They showed that larger relative volumes of 
the rectal wall were irradiated than the corresponding solid 
organs in the high-dose area. Modern RT techniques such 
as IMRT and VMAT may not spare the rectal wall as much 
as indicated by the DVH for the entire rectal volume. This 
supposed lack of rectal wall sparing could be one potential 
reason that modern prostate RT techniques do not always 
result in less rectal toxicity compared to 3DCRT [22–24]. 
Our calculated risk reduction is currently only theoretical, 
and future studies are necessary to evaluate to what extent 
VMAT can assist in reducing rectal bleeding in the postop-
erative setting.

Comparing the 3DCRT and VMAT groups, the calculated 
risk reduction in the VMAT group remained even though 
the changes in target definition rendered bigger PTVs in this 
group. To note is that our delineation of CTV has changed 
over time and in the 3DCRT group the EORTC guideline 
[11] was used from 2007 and further on. Before 2007 the 
delineation was, in some way varying and depending on the 
physicians’ earlier experience. In the VMAT group, most 
delineations were corresponding to the RTOG guideline [12] 
which resulted in larger PTVs including more rectal volume 
in the treatment plans [25]. However, the instructions for 
delineation of the rectum in our two groups have been the 
same over the years, and this has resulted in very similar 
rectal volumes (Fig. 3).

Another important issue regarding the development of 
rectal toxicity in prostate cancer RT is the setup procedure 
accuracy and rectal daily variation which influence differ-
ences between treatment plan rectal dose and the patient 
rectal dose at treatment delivery. Our own clinical experi-
ence, and others reporting [26], include observing substan-
tial variations of rectal volume and location during a 7-week 
treatment delivery period, which can influence the exposure 
of the rectal wall to irradiation through position changes. 
These position differences during the treatment period has 
been discussed by other authors as leading to under-and-
overdosage to CTV and OARs [27, 28]. Using hydrogel tis-
sue fiducial marker for patient setup in the postoperative 
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Fig. 5  Left-hand side: The variation of the relative rectal volume 
receiving at least 35 Gy (V35Gy) by the volume of the planning tar-
get volume (PTV). Right-hand side: Variation of the relative rectal 

volume receiving at least 63  Gy (V63Gy) by PTV volume. In each 
panel, data are stratified according to Group 1 and Group 2. The lin-
ear trend for each set of data is shown as a solid line
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setting is an emerging technique [29] that potentially could 
decrease the rectum dose variation. In our VMAT series 
there was a daily matching procedure using kV imaging, 
but to skeletal structures, compared to the 3CDRT group 
where the matching was performed in a similar way but on 
a weekly basis. One proposed way to handle these changes 
is through the patient setup using cone-beam CT (CBCT) 
[30, 31]. CBCT matching is now under development in our 
department. We do however believe that the inter-fractional 
rectal variation has a limited impact on the validity of the 
dose–response relationships in this study (as in most stud-
ies of rectal toxicity) since the treatment plan rectal DVH 
has captured the main feature of delivered dose distribution. 
Furthermore, all patients treated by VMAT are also treated 
with the same overall 7-week treatment time and their rectal 
DVHs are therefore similarly impacted by inter-fractional 
rectal variations.

Conclusion

In this study, we identified dose–response relationships 
between the rectal dose distribution and the risk of self-
reported rectal bleeding of any grade in a long-term per-
spective for men treated with 3DCRT ST. Furthermore, the 
calculated average risk of rectal bleeding for a contemporary 
cohort of patients treated with VMAT ST was lower than for 
the patients in the 3DCRT cohort.
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