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ABSTRACT 

Objective: Changes in rectum volume can affect dose delivery during prostate radiotherapy. The aim 

of this study was to evaluate how laxative use affected rectum volumes and doses in patients with 

prostate cancer treated with Volumetric Modulated Arc Therapy (VMAT). 

Material and Methods: Treatment planning computed tomography (simCT) and cone-beam computed 

tomography (CBCT) images collected from 20 patients with prostate cancer were retrospectively 

evaluated. These patients were divided into two groups as those who either used or did not use laxatives 

during radiotherapy. Rectum volumes were re-contoured on 160 CBCT images, and VMAT treatment 

plans were re-calculated to determine rectum doses. 

Results: In all patients, CBCT images showed increased mean rectum volumes and doses relative to 

simCT images. Furthermore, the percent volume (Vx) of the rectum receiving 40, 50, 60, and 70 Gy 

doses based on CBCT results were larger than those based on simCT. The Dmean values in the treatment 

plans for the group with laxative use were 39 Gy on simCT images and 43 Gy on CBCT images (p = 

0.009). Alternatively, in the group without laxatives, the Dmean values in the treatment plans were 40 

Gy on simCT images and 44 Gy on CBCT images (p = 0.047). 

Conclusion: In patients undergoing prostate radiotherapy, rectum volume and doses increase regardless 

of laxative use. Although laxatives can limit volume expansion of the rectum, they do not have the 

expected effect on rectum doses and actually significantly increase all dosimetric parameters. 

 

Key words: Cone-beam computerized tomography, laxatives, prostate cancer, radiotherapy, 

volumetric-modulated arc therapy. 

 

ÖZET 

Amaç: Rektumdaki hacim değişiklikleri prostat radyoterapisi sırasında uygulanan dozu etkilemektedir. 

Hacimsel Ayarlı Ark Terapi (VMAT) uygulanan prostat kanseri hastalarında tedavi süresince laksatif 

kullanımının rektum hacim ve dozlarına etkisinin değerlendirilmesi amaçlandı. 

Gereç ve Yöntem: Kliniğimizde tedavi edilen 20 hastanın tedavi planlama tomografi (simCT) ve koni 

ışınlı bilgisayarlı tomografi (CBCT) görüntüleri retrospektif olarak değerlendirildi. Laksatif kullanan 

(L+)(n:10) ve laksatif kullanmayan (L-)(n:10)  hastalar olacak şekilde 2 grup belirlendi. Toplam 160 

tane CBCT görüntüsünde rektum hacimleri yeniden konturlandı. Her hastanın kendi VMAT planı kendi 

CBCT görüntüleri üzerinde tekrar hesaplatılarak rektum dozları elde edildi.  

Bulgular: Tüm hastaların rektum hacimleri CBCT görüntülerinde simCT görüntülerine göre artış 

göstermiştir. Belirli bir dozu alan rektum hacminin % değeri (Vx) için simCT ve CBCT planları 

karşılaştırıldığında 40Gy, 50Gy, 60Gy ve 70Gy dozlarının hepsi için tüm hastalarda tedavi süresince 

artış bulunmuştur. Laksatif kullanan hasta grubunun tedavi planlarındaki Dmean değerleri simCT 

görüntülerde 39 Gy ve CBCT görüntülerde 43 Gy bulunmuştur (p = 0.009). Alternatif olarak, laksatifleri 
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kullanmayan hasta grubunda, tedavi planlarındaki Dmean değerleri simCT görüntülerinde 40 Gy ve 

CBCT görüntülerinde 44 Gy bulunmuştur (p = 0.047). 

Sonuç: Prostat radyoterapisi uygulanan hastalarda tedavi sırasında rektum hacmi ve aldığı radyasyon 

dozu, laksatif kullanımından bağımsız olarak, başlangıç tedavi planına göre artmaktadır. 

  

Anahtar Kelimeler: Hacimsel Ayarlı Ark Terapi, Laksatif, Prostat kanseri, Prostat radyoterapisi, koni 

ışınlı bilgisayarlı tomografi 
 

Introduction 

Radiotherapy is a well-established treatment 

modality for managing clinically localized 

prostate cancer [1]. To be effective, the 

radiotherapy treatment volume should 

encompass the prostate gland and any 

extension of the primary tumour [2]. 

Importantly, both the localization of the 

prostate gland and seminal vesicle and the 

volumes of normal tissues can vary during 

daily radiotherapy [3]. Changes in prostate 

gland and seminal vesicle localization are 

more affected by changes in rectum volume 

and length than changes in bladder volume 

[4,5]. The excess of rectal filling on treatment 

planning tomography (simCT) reduces the 

probability of biochemical and local control 

[6]. Several methods such as evacuation 

techniques, dietary interventions, laxatives, 

and enemas have been applied to limit 

changes in rectum volume during treatment 

planning tomography and daily treatment; 

however, which of these methods is optimal is 

unknown [7]. 

Furthermore, radiotherapy in prostate cancer 

patients can produce side effects that persist 

for up to 10 years after diagnosis. In 

particular, bowel-related side effects lower the 

patient's quality of life [8]. Relative to 

conformal radiotherapy, intensity-modulated 

radiotherapy (IMRT) reduces acute and late 

rectal toxicity by limiting the radiation dose 

delivered to surrounding organs, including the 

rectum, while increasing biochemical control 

by applying high radiation doses to the 

prostate gland [9,10,11]. Volumetric 

modulated arc therapy (VMAT) provides a 

more homogeneous dose distribution for 

shorter treatment times with gantry rotation 

when compared to IMRT [12]. These daily 

radiotherapy treatments can be evaluated with 

cone-beam computed tomography (CBCT) to 

assess internal organ movements and reduce 

daily setup uncertainties [13,14]. Specifically, 

during daily treatment, the dose given to the 

target and surrounding critical organs can be 

calculated from CBCT images [15,16]. 

Patient positioning errors and changes in 

rectum filling create uncertainty in 

radiotherapy applications [17]. However, in 

the daily CBCT images used to minimize this 

uncertainty, rectum filling and the received 

rectum dose do not appear as planned in the 

simCT [18]. The percent change in rectal 

volume during prostate radiotherapy can also 

affect the calculated rectum dose [19]. Indeed, 

the actual dose received by the rectum is 

higher than the planned dose as calculated by 

simCT images [20]. 

The aim of this study was to assess the effects 

of laxative use on rectal volume changes to 

estimate potential effects on rectal dose 

changes using weekly CBCT images, which 

were collected during VMAT in patients with 

prostate cancer.  

 

Material and methods 

Patient selection 

In our clinic, retrospective assessment of 

treatment files between November 2015 and 

October 2017 showed that laxatives 

(magnesium hydroxide) were prescribed 

before treatment in 10 patients with prostate 

cancer, and were used during treatment. We 

randomly selected another 10 patients with 

prostate cancer who were treated with 

radiotherapy in our clinic, but did not use any 

laxatives during treatment. SimCT images, 

treatment plans, and CBCT images were 

obtained for these 20 patients, who were 

subdivided into 2 groups based on whether or 

not they used laxatives. 

We used the following inclusion criteria: 

patients who completed definitive or adjuvant 
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radiotherapy with VMAT; laxative use began 

at least four days prior to simCT imaging; and 

laxatives were used without interruption 

during treatment. Patients that received hybrid 

treatment with 3D-CRT or laxative use that 

was interrupted during treatment, were 

excluded. 

The study was approved by the local ethics 

committee on 08/02/2018 with decision 

number of 3/7. 

Simulation and treatment 

Patients were immobilized with a knee 

support and footrest while in the supine 

position. SimCT images (Aquilion-LB, 

Toshiba, Japan) were obtained with a 2-mm 

cross-sectional thickness that covered the 

entire pelvis. All patients were recommended 

to drink 500 mL of water after emptying their 

bladder and wait for about 1 hour before 

simCT imaging. The same procedure was 

repeated before each radiotherapy treatment 

fraction. Our clinic did not routinely use a 

specific protocol to achieve an empty rectum. 

Low gas and well-balanced diet with plenty of 

fiber was advised to all patients. For patients 

with excessive rectum filling, simCT imaging 

was repeated after defecation. Laxatives were 

prescribed to patients whose excessive rectum 

filling had not changed between repeated 

simCT images. In patients with laxative use, 

magnesium hydroxide (30-60 mL/day peroral 

at bedtime) was initiated at least four days 

prior to simCT imaging and was 

recommended for use during treatment. 

Patients received one of three different 

treatment volumes defined as follows. The 

first was radical radiotherapy, in which the 

prostate gland and seminal vesicle were 

contoured as the clinical target volume 

(CTV). A 5-mm posterior margin and 8-mm 

margins in all other directions were used to 

create a planning target volume (PTV). The 

second treatment volume was pelvic 

treatment, which was delivered to the prostate 

gland, seminal vesicle, and pelvic lymph 

nodes, followed by a prostate gland and 

seminal vesicle boost. The CTV of this 

treatment included the obturator, external 

iliac, internal iliac, and S1-2 sacral lymph 

nodes. For pelvic treatment, 5-mm margins in 

all directions were used to define the PTV. 

The final treatment volume was given to 

patients treated with salvage radiotherapy to 

control biochemical failure after radical 

prostatectomy. This CTV included the clips of 

the prostate gland and seminal vesicle bed. 

The Radiation Therapy Oncology Group 

(RTOG) contouring atlas [21] was used as the 

reference to create the surgical bed, with the 

same PTV margins that were used for radical 

radiotherapy. Finally, the bladder, the rectum 

from the anal canal to the sigmoid curve, 

bilateral femoral heads, and small intestine 

were contoured as the organs at risk (OARs). 

All patients were treated with fraction doses 

of 1.8-2 Gy in 38-41 fractions, and CBCT 

imaging was performed with the Elekta XVI 

pelvis M20 protocol every day in the absence 

of fiducial markers. In our clinic, placement of 

gold seed markers into the prostate was not 

performed routinely during VMAT 

preparation. Radiotherapy schedules of each 

group of patients were summarized at Table 1. 

VMAT treatment plans were created with 

double arc on the CMS Monaco 5.1 treatment 

planning system using 6 MV photon energy. 

In all treatment plans, 95% of the prescribed 

dose was positioned to cover 98% of the target 

volume. OAR doses were kept below the 

tolerance dose limits of the Quantitative 

Analysis of Normal Tissue Effects in the 

Clinic (QUANTEC) [22].  

Cone-beam computed tomography 

To evaluate the original treatment plans on the 

CBCT images, we first matched patient 

CBCT and simCT images using bone tissue 

matching. The original treatment plans were 

re-calculated in the same isocentre after 

CBCT electron density information was 

specified in the treatment planning system for 

Elekta XVI Pelvis M20 imaging.  

CBCT images were obtained daily during 

treatment and assessed by bone tissue 

matching. CBCT imaging was repeated before 

treatment in the following three cases: 1) after 

defecation of patients with excess rectum 

filling, 2) after prolonged waiting in patients 

with an empty bladder, and 3) after 

appropriate corrections for the PTV. 
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Table 1: Treatment characteristics of 20 patients 

with prostate cancer whose separated into two 

groups as those who either used (L+) or did not 

use (L-) laxatives during radiotherapy (RT). 

Treatment 

Volume 

Dose (Gy) L (+)  

(n:10)  

L (-)  

(n:10) 

Radical RT 76- 78 6 4 

Pelvic RT 74 0 2 

Salvage 

RT 

70.2- 72 4 4 

 

 

The CBCT image obtained on the first day of 

treatment was accepted as the first week 

image, and eight CBCT images for each 

patient were included in the study. Dosimetric 

calculations were performed on a total of 160 

images. The rectum was contoured in every 

CBCT image. The VMAT treatment plan of 

each patient was re-calculated at the same 

treatment centre on corresponding CBCT 

images. The rectum volumes and doses were 

evaluated on CBCT images. The rectum mean 

dose (Dmean) and percent rectum volume 

(Vx) receiving 40, 50, 60, 70, and 75 Gy were 

evaluated in the dose volume histogram 

(DVH). 

 

Statistical analysis 

IBM SPSS Statistics version 21 

(www.spss.com) was used for the statistical 

analysis. The Wilcoxon test was used to 

analyse the rectum variations of each group of 

patients and to evaluate the planned and 

delivered dose parameters. A p-value < 0.05 

was considered statistically significant.

 

 
Table 2: Comparison of mean rectum doses (±standart deviations) between the 
treatment plans using treatment planning tomography (simCT) and cone-beam 

computed tomography (CBCT) 
 

 L (+) L (-) 

 simCT CBCT p-value simCT CBCT p-value 

Dmean (Gy) 39 (±5.1) 43 (±5.6) 0.009 40 (±4.9) 44 (±5.8) 0.047 

V40 (%) 
V50 (%) 
V60 (%) 
V70 (%) 

50 (±8) 
35 (±7) 
23 (±6) 
9 (±5) 

58 (±9) 
43 (±9) 
31 (±9) 
17 (±8) 

0.013 
0.013 
0.013 
0.005 

54 (±11) 
35 (±8) 
21 (±6) 
9 (±6) 

57 (±10) 
41 (±15) 
30 (±14) 
20 (±13) 

0.44 
0.16 

0.028 
0.013 

Abbreviations: Dmean: Mean rectum dose, L (+): Group with laxative use, L (-): Group without laxative 
use, Vx: % volumes of the rectum receiving 40, 50, 60, and 70 Gy.  
 

Table 3: Comparison of mean rectum doses (±standart deviations) between the patient groups with 
and without laxative use. 

  simCT  p-value CBCT  p-value 

Dmean (Gy) L (+) 
L (-) 

39 (±5.1) 
40 (±4.9) 

 
0.50 

43 (±5.6) 
44 (±5.8) 

 
0.87 

V40 (%) 
 

L (+) 
L (-) 

50 (±8) 
54 (±11) 

 
0.38 

58 (±9) 
57 (±10) 

 
0.72 

V50 (%) 
 

L (+) 
L (-) 

35 (±7) 
35 (±8) 

 
0.87 

43 (±9) 
41 (±15) 

 
0.95 

V60 (%) 
 

L (+) 
L (-) 

23 (±6) 
21 (±6) 

 
0.64 

31 (±9) 
30 (±14) 

 
0.87 

V70 (%) 
 

L (+) 
L (-) 

9 (±5) 
9 (±6) 

 
0.64 

17 (±8) 
20 (±13) 

 
0.87 

Abbreviations: CBCT: Cone-beam computed tomography, Dmean: Mean rectum dose, L (+): Group with laxative use, 
L (-): Group without laxative use, simCT: Treatment planning tomography, Vx: % volumes of the rectum receiving 
40, 50, 60, and 70 Gy.  
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Figure 1: Comparison diagram of rectum volume changes in patients with laxative use, based on 

treatment planning-tomography (simCT) and mean cone-beam tomography (CBCTs) evaluations of 10 
patients. 

 

 

 
Figure 2: Comparison diagram of rectum volume changes in patients without laxative use, based on 

treatment planning-tomography (simCT) and mean cone-beam tomography (CBCTs) evaluations of 10 
patients. 

 

Results 

This study included 820 daily CBCT images 

obtained from a total of 20 patients. In the 

group of patients with laxative use, a mean of 

39 (38-43) CBCT images were collected 

during a mean of 39 (39-43) treatment 

fractions. In the group without laxative use, a 

mean of 42 (39-46) CBCT images were 

collected during a mean of 40 (39-43) 

treatment fractions. The total number of 

repeated CBCT images due to changes in 

treatment position or rectum and bladder 

filling were 34 and 40 in the groups with and 

without laxative use, respectively. When the 

CBCT images were examined individually, 

the number of daily repeated CBCT images 

after defecation due to excess rectum filling 

was five in three patients from both groups. 
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We then evaluated changes in rectum volume 

during treatment on a total of 160 weekly 

CBCT images. This revealed that in the group 

with laxative use, the mean rectum volumes 

were 85.69 cc (± 41.57) in simCT images and 

89.17 cc (± 31.16) in CBCT images (Figure 

1). Thus, the mean rectum volume increase 

during treatment was 4%. Alternatively, in the 

group without laxative use, the mean rectal 

volumes were 106.87 cc (± 36.93) in simCT 

images and 120.96 cc (± 20.58) in CBCT 

images (Figure 2). In this group, the mean 

rectum volume increase during treatment was 

13%. Overall, CBCT images showed higher 

mean rectal volumes than simCT images in 

the groups with and without laxative use (p = 

0.24 and p = 0.13, respectively). Furthermore, 

analysing these results based on laxative use 

revealed that the group without laxative use 

had a higher mean rectal volume compared 

with the group with laxative use in both 

simCT and CBCT images (p = 0.11 and p = 

0.028, respectively). 

We next evaluated the resulting changes in 

rectum doses on weekly CBCT images. The 

Dmean values in the treatment plans for the 

group with laxative use were 39 Gy on simCT 

images and 43 Gy on CBCT images (p = 

0.009). Thus, the 4% increase in mean rectal 

volume resulted in a 10% increase in Dmean 

during treatment. In the group without 

laxative use, the Dmean values in the 

treatment plans were 40 Gy on simCT images 

and 44 Gy on CBCT images (p = 0.047). In 

this group, a 13% increase in mean rectal 

volume resulted in a 10% increase in mean 

rectum dose during treatment. 

 In the group with laxative use, CBCT images 

showed significantly elevated V40, V50, V60, 

and V70 values relative to the simCT images 

(p = 0.013, p = 0.013, p = 0.013, and p = 0.005, 

respectively) (Table 2). Thus, a 4% increase in 

rectal volume during treatment resulted in an 

8% increase in V40, V50, V60, and V70 

values. In 6 of these patients, the total doses 

prescribed were 76-78 Gy, CBCT images 

showed higher V75 values relative to simCT. 

Specifically, the mean V75 values estimated 

from the simCT and CBCT images were 4% 

(0.3%-9%) and 10% (5%-13%), respectively. 

In the group without laxative use,  CBCT 

images showed significantly elevated V40, 

V50, V60, and V70 values relative to the 

simCT images (p = 0.44, p = 0.16, p = 0.028, 

and p = 0.013, respectively) (Table 2). Thus, a 

13% increase in rectal volume during 

treatment resulted in 3%, 6%, 9%, and 11% 

increases in V40, V50, V60, and V70, 

respectively. In 4 of these patients, the total 

doses prescribed were 76-78 Gy, CBCT 

images showed higher V75 values relative to 

simCT. Specifically, the mean V75 values 

estimated from the simCT and CBCT images 

were 8% (4%-10%) and 20% (5%-39%), 

respectively. 

Finally, individual evaluation of DVH 

parameters in both simCT and CBCT images 

revealed that there were no significant 

differences between the groups with and 

without laxative use (Table 3). 

 

Discussion 

Treatments such as evacuation techniques, 

dietary interventions, laxatives, and enemas 

have been applied to limit changes in rectum 

volume during daily radiotherapy treatment. 

Of these methods, one of the most common is 

the use of laxatives. However, reports on the 

efficacy of laxative use differ [7]. Indeed, 

Smitsmons et al. [23] showed that laxative use 

and adherence to dietary plans significantly 

lower faeces and gas percentages observed on 

576  CBCT images (p < 0.001). Alternatively, 

Oates et al. [24] analysed 435 CBCT images 

and reported that laxative use does not 

significantly affect general rectum filling (p = 

0.13). Here, our results revealed that patients 

with laxative use had smaller rectal volumes 

than patients without in both simCT and 

CBCT images. During treatment, patients 

with laxative use had smaller changes in rectal 

volume than in those without. Furthermore, in 

the group with laxative use, all DVH 

parameters were significantly affected. 

Alternatively, in the patients without laxative 

use, significant changes were found only in 

the V60 and V70 values despite having larger 

rectal volumes.  

Previously, Collery et al. [25] evaluated a total 

of 360 CBCT images from 9 prostate cancer 
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patients who were treated with 7-field-IMRT. 

This revealed that the treatment significantly 

increased all DVH parameters relative to the 

initial treatment plan (p < 0.05). Furthermore, 

rectum V50 and V60 fell below the tolerance 

limits despite the increase in treatment, while 

the rectum V70 and V75 increased above the 

tolerance limits. Here, we observed an 

increase in all DVH parameters on the CBCT 

images, which were evaluated in both patient 

groups. Importantly, in prostate radiotherapy 

applications with VMAT, the actual mean 

values did not exceed the QUANTEC 

tolerance limits for any of the significantly 

altered DVH parameters. We did not 

statistically evaluate the V75 values in both 

groups due to the small number of patients. 

Ariyaratne H. et al. [14] reported that in 

prostate cancer patients treated with 7-field-

IMRT, daily rather than weekly CBCT 

imaging decreases the rectum dose and 

increases the coverage dose of the CTV. In 

that study, a total number of 844 CBCT 

images were collected from 20 patients. The 

current study included 820 CBCT images 

taken from 20 prostate cancer patients who 

received VMAT. Importantly, fewer CBCT 

images were collected from the group with 

laxative use relative to the group without 

because this group received fewer treatment 

fractions. Although the total number of daily 

repeated CBCT images was lower in the group 

with laxative use, the number of daily 

repeated CBCT images due to rectum fullness 

was the same in both groups. 

This study had several limitations, including 

the retrospective design, inhomogen 

distribution of treatment variables between 

groups and the absence of clinical side effect 

assessment. Thus, future prospective studies 

should evaluate daily CBCT images in 

combination with a clinical side effect 

assessment to provide more information on 

the actual doses of the OARs. 

In conclusion, in patients undergoing prostate 

radiotherapy, rectum volumes and radiation 

doses increase regardless of laxative use. 

However, laxative use during treatment 

decreases the likelihood of having an 

increased rectal volume. Furthermore, 

contrary to the expected outcomes, laxative 

use significantly increases all DVH 

parameters. Thus, dose constraints should be 

kept as low as possible during treatment 

planning to anticipate that rectal DVH 

parameters can increase during treatment. 

 

REFERENCES  
1- Hamdy FC, Donovan JL, Lane JA, et al. 10 year 

outcomes after monitoring, surgery or radiotherapy 

for localized prostate cancer. N Engl J Med. 2016; 

375(15):1415-24.  

2-  Gunderson L.L, Tepper J.E. Prostate cancer. 

In: Clinical radiation oncology. 4th edition. Elsevier, 

2016:1038-1095. 

3- Roeske JC, Forman JD, Mesina CF, et al. 

Evaluation of changes in the size and location of the 

prostate, seminal vesicles, bladder, and rectum during 

a course of external beam radiation therapy. Int J 

Radiat Oncol Biol Phys. 1995; 33: 1321-1329. 

4- Beard CJ, Kijewski P, Bussière M, et al. 

Analysis of prostate and seminal vesicle motion: 

Implications for treatment planning. Int J Radiat Oncol 

Biol Phys. 1996; 34:451-458.  

5- van Herk M, Bruce A, Kroes AP, Shouman T, 

Touw A, Lebesque JV. Quantification of organ motion 

during conformal radiotherapy of the prostate by 

three dimensional image registration. Int J Radiat 

Oncol Biol Phys. 1995; 33: 1311-1320.  

6- de Crevoisier R, Tucker SL, Dong L, et al. 

Increased risk of biochemical and local failure in 

patients with distended rectum on the planning CT for 

prostate cancer radiotherapy. Int J Radiat Oncol Biol 

Phys. 2005; 62: 965-973.  

7- McNair HA, Wedlake L, Lips IM, Andreyev J, 

Van Vulpen M, Dearnaley D. A systematic review: 

effectiveness of rectal emptying preparation in 

prostate cancer patients. Pract Radiat Oncol. 2014; 4: 

437–47.  

8- Davis KM, Kelly SP, Luta G, Tomko C, Miller 

AB, Taylor KL. The association of long-term treatment-

related side effects with cancer-specific and general 

quality of life among prostate cancer survivors. 

Urology. 2014;84(2):300–306.  

9- Eade TN, Hanlon AL, Horwitz EM, 

Buyyounouski MK, Hanks GE, Pollack A. What dose of 

external-beam radiation is high enough for prostate 



 

www.actaoncologicaturcica.com  Copyright©Ankara Onkoloji Hastanesi 
 

188 Acta Oncologica Turcica 2021; 54: 181-188 

cancer? Int J Radiat Oncol Biol Phys. 2007; 68(3): 682–

689.  

10- Viani GA, Stefano EJ, Afonso SL. Higher-than-

conventional radiation doses in localized prostate 

cancer treatment: a metaanalysis of randomized, 

controlled trials. Int J Radiat Oncol Biol Phys. 2009; 

74(5):1405–1418.  

11- Michalski JM, Yan Y, Watkins-Bruner D, et al. 

Preliminary toxicity analysis of 3-dimensional 

conformal radiation therapy versus intensity 

modulated radiotherapy on the high-dose arm of the 

RTOG 0126 prostate cancer trial. Int J Radiat Oncol Biol 

Phys. 2013; 87: 932–938.  

12- Mellon E. A, Javedan K, Strom T. J, et al. A 

dosimetric comparison of volumetric modulated arc 

therapy with step-and-shoot intensity modulated 

radiation therapy for prostate cancer. Pract Radiat 

Oncol. 2015; 5: 11-15.  

13- Kupelian PA, Langen KM, Zeidan OA, et al. 

Daily variations in delivered doses in patients treated 

with radiotherapy for localized prostate cancer. Int J 

Radiat Oncol Biol Phys. 2006;66(3):876–82.  

14- Ariyaratne H, Chesham H, Pettingell J, Alonzi 

R. Image-guided radiotherapy for prostate cancer with 

cone beam CT: dosimetric effects of imaging frequency 

and PTV margin. Radiother Oncol. 2016; 121(1): 103–

108.  

15- Richter A, Hu Q, Steglich D, et al. Investigation 

of the usability of conebeam CT data sets for dose 

calculation. Radiat Oncol. 2008; 3(6): 7215–23.  

16- Schulze D, Liang J, Yan D, Zhang T: 

Comparison of various online IGRT strategies: the 

benefits of online treatment plan re-optimization. 

Radiother Oncol. 2009; 90: 367-376.  

17- Gill SK, Reddy K, Campbell N, Chen C, Pearson 

D. Determination of optimal PTV margin for patients 

receiving CBCT-guided prostate IMRT: comparative 

analysis based on CBCT dose calculation with four 

different margins. J Appl Clin Med Phys. 2015; 16(6): 

252–262.  

18- Hatton JA, Greer PB, Tang C, et al. Does the 

planning dose-volume histogram represent treatment 

doses in image-guided prostate radiation therapy? 

Assessment with cone-beam computerised 

tomography scans. Radiother Oncol. 2011; 98(2):162–

168.  

19- Huang TC, Chou KT, Yang SN, Chang CK, Liang 

JA, Zhang G. Fractionated changes in prostate cancer 

radiotherapy using cone-beam computed 

tomography. Med Dosim. 2015; 40(3): 222–5.  

20- Akin M, Öksüz DC, Iktueren B, Ambarcioglu P, 

Karacam S, Koca S, Dincbas F. Does rectum and bladder 

dose vary during the course of image-guided 

radiotherapy in the postprostatectomy setting? 

Tumori. 2014; 100: 529–35.  

21- Rtog. org. Philadelphia: RTOG Foundation Inc. 

Contouring Atlases RTOG. Available from:  

http//ww.rtog.org/CoreLab/ContouringAtlases.aspx 

22- Marks L.B, Yorke E.D, Jackson A, et al. Use of 

Normal Tissue Complication Probability Models in the 

Clinic. Int J Radiation Oncology Biol. Phys 2010; 76(3): 

S10-S19.  

23- Smitsmans MH, Pos FJ, de Bois J, et al. The 

influence of a dietary protocol on cone beam CT-

guided radiotherapy for prostate cancer patients. Int J 

Radiat Oncol Biol Phys. 2008; 71: 1279-1286. 

24- Oates RW, Schneider ME, Lim JM, et al. A 

randomised study of a diet intervention to maintain 

consistent rectal volume for patients receiving radical 

radiotherapy to the prostate. Acta Oncol. 2014;53: 

569-571.  

25- Collery A, Forde E. Daily Rectal Dose-volume 

Histogram Variation in Prostate Intensity-modulated 

Radiation Therapy: Is It Clinically Significant in the Era 

of Image Guidance? J Med Imaging Radiat Sci. 2017; 

48: 346-351.

 

 
Corresponding author e-mail: evrimduman@hotmail.com 
 

Orcid ID: 
Evrim Duman 0000-0002-6162-9772 
Neslihan Atabek 0000-0002-2499-1078 
Yılmaz Bilek 0000-0001-6067-2552 
 
 

Doi: 10.5505/aot.2021.15493 


