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Introduction

Prostate cancer is the one of the most common tumor that 
occurs in the male population1. External radiotherapy (in-
tensity-modulated radiation therapy (IMRT) and volumetric 
modulated arc therapy (VMAT)) and brachytherapy are often 
utilized to treat prostate cancer. The accurate delivery of suf-
ficient dose to the target and limiting dose to adjacent radio-
sensitive structures, such as the bladder and rectum, is a highly 
important element of this process2. The bladder and rectum 
are mobile organs. Clinical studies have shown the negative 
results of clinical outcome without properly accounting for 
patient and organ variations during the whole course of ra-
diotherapy3-4. A main source of patient’s treatment position 
uncertainty is the variation in the daily patient setup. The con-

ventional method to reduce this effect involves adding a some 
margin around the target (PTV). This causes increasing the 
treatment volume and consequently increasing normal organ 
toxicity.

A common practice to verify patient setup were portal im-
ages developed in previous studies5-10. Now, Image Guided 
Radiation Therapy (IGRT) methods such MV Cone Beam 
Computed Tomography (MV CBCT) and kV Cone Beam 
Computed Tomography (kV CBCT) are used for this purpose. 
The offline and online correction procedures are applied to 
reduce the magnitude of setup errors11. Some other correction 
decision protocols as shrinking action level (SAL), no action 
level (NAL) or extended action level (eNAL) are used for off-
line procedures12-15. These kinds of verification do not account 
for daily changes in patient’s anatomy.
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Abstract
Introduction: The analysis of the differences in the daily volumes and the predicted dose to the actual dose in the blad-
der, rectum, and targets in prostate radiotherapy is presented.
Material and methods: The analysis was performed for 30 patients treated with prostate cancer. Precision treatment 
planning system was used to calculate the dose distribution. Patients were set up on the treatment table in the treatment 
position every day. kVCT images were acquired. kVCT images were imported into the PreciseART module. Organs at 
Risk and the prostate (PTV) volumes were copied onto these daily actual CT images and then automatically deformed 
to their current shapes. They were used to recalculate the updated therapeutic treatment plan. 726 CT examinations 
were analyzed. The volumes and dose values from clinical treatment plan have been used as reference values for the PTV, 
bladder, and rectum. Changes in volumes and doses for reference values and daily CT images were analyzed.
Results: The average daily changes in PTV, bladder and rectum volumes ranged from -0.3% to 14.4%, -21.7% to 32.5% 
and -10.5% to 32.5%, respectively. Corresponding standard deviations ranged from 1.0% to 5.5%, 4.9% to 35.5% and 
5.8% to 25.2%, respectively. Corresponding median values ranged from -0.2% to 14.1%, -22.0% to 37.8% and -10.9 to 
32.8, respectively. The average daily changes in PTV, bladder and rectum projected doses ranged from -1.4% to 2.9%, 
-9.0% to 24.8% and -25.4% to 15.9%, respectively. Corresponding standard deviations ranged from -1.4% to 2.6%, 0.0% 
to 14.8% and 0,0% to 17,2%, respectively. Corresponding median values ranged from -1.5% to 2.7%, -8.8% to 28.7% and 
-25.9% to 17.2%, respectively.
Conclusions: Qualitative data analysis showed that the greatest differences in volumes and doses occurred for these 
structures. For the prostate, these changes were lower than for other organs.
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Internal organ variations in position, shape, and size both in-
ter- and intra-treatment are another source of treatment uncer-
tainty. The bladder and rectum are important organs in the case 
of the prostate position. Improper and inconsistent bladder fill-
ing as well as rectal emptying can heavily impact on the prostate 
position during daily treatment. When this criteria are not suf-
ficiently reproduced according to treatment planning CT scans, 
the dose delivered to the organs at risk and target may vary from 
fraction to fraction throughout the entire treatment process16. 

The process of treatment planning involves acquiring images 
of patient’s anatomy to design the customized and personalized 
treatment plan. Currently, computed thomography (CT) is the 
primary method used for treatment preparation. Magnetic 
resonance imaging (MRI) and positron emission tomography 
(PET) are also used as additional supporting images. In the last 
decades, the treatment planning and irradiation process were 
highly improved, making them more precise and accurate17-18. 
CT scans for treatment planning purposes are acquired before 
the start of treatment. And treatment plan based on these im-
ages is carried out throughout the entire course of treatment 
process. The assumption that patient anatomy remains constant 
during the course of irradiation and the existing discrepancies 
can be neutralize by adding additional margins to the treatment 
volumes during treatment planning is failed. In reality, daily 
changes in organ filling in pelvic or abdominal regions can cause 
significant anatomical changes. They may lead to relative posi-
tional change and deformation of organs, fluctuations in patient 
weight (and consequently in external contour) and changes in 
tumor shape and volume19-22. Even very sophisticated treatment 
plan cannot take into accounts daily changes in patients anato-
my23. Some previous studies have linked prostate movement to 
subcutaneous fat, body mass index (BMI), and organ shape24,25. 

Changes between the planned prostate and organs at risk 
position and actual position during treatment may lead to 
alterations in dose distribution. Positional and volumetric 
changes in the prostate during the treatment period has been 
widely investigated26-28. The recent improvements in image 
guided treatment methodologies offer opportunities to adapt 
treatments to on a  daily basis. Various strategies, such as 
adaptive radiation therapy, magnetic resonance (MR) guided 
radiotherapy have been proposed in order to reduce this ef-
fect29,30. In recent years, the use of a MR-linear accelerator to 
treat prostate patients has been reported in literature31-33.

Adaptive radiotherapy (ART) is a solution to take into ac-
count daily patient anatomy changes. It allows to reduce un-
wanted dose to the target and organs at risk by adjustment of 
the treatment plan to the current patient anatomy34. 

One ART possibility is to perform a new CT images upon 
identifying unacceptable changes in patient anatomy and then 
update treatment plan. In online ART, daily CT imaging can 
be sent to the appropriate system, which will compare it with 
the reference plan. This system analyzes the occurrence of 
possible displacements of structures and changes in tissues 
volume. Based on this, the system automatically reconstructs 
contours of the tissues to their current shape. The dose dis-
tribution is recalculated and a new treatment plan is created. 

The updated treatment plan is then carried out on the thera-
peutic machine. Offline ART facilitates systematic assessment 
of anatomical changes and comprehensive adaptation through 
periodic updates of treatment plans.

The aim of the work is to analyze daily dosimetric and volu-
metric changes in PTV (prostate) and organ at risks bladder 
and rectum.

Material and methods

The analysis was carried out for 726 kVCT daily examinations 
for 30 patients treated with prostate cancer. Patients were treat-
ed with helical technique on a Radixact (Accuray Inc., USA) 
accelerator, with 6 MeV energy. Patients were irradiated up to 
a prescribed dose of 46-78 Gy with the fraction dose of 2–3 Gy 
(20–39 fractions). Each patient was asked to drink half a liter 
of water half a hour before CT examination. A CT images was 
acquired. Next, the PTV and internal organs volumes were de-
lineated on those images. The treatment plan was carried out in 
the Precision treatment planning system (TPS). This plan was 
used to irradiate patients throughout the entire course of treat-
ment. Also each patient was asked to drink a half a liter of water 
half a hour before every start of the treatment. Every day be-
fore starting treatment, patients were also asked to drink a half 
a liter of water half a hour before to ensure that the bladder 
was filled in each therapeutic fraction to a level similar to that 
during the CT examination used for treatment planning. Next, 
patients were positioned on the treatment couch by aligning 
the lasers to the three tattoos on pelvic area. Daily setup con-
trol started. Helical fan beam kVCT imaging was performed 
using the ClearRTTM Helical kVCT system. Next, these im-
ages were imported into the PreciseART module. Contours 
of PTV, bladder, rectum and other internal organs have been 
copied onto these daily kVCT images. This module automati-
cally reconstructs contours of the PTV and internal organs to 
their current shape in the event of changes in their position and 
volume, The new, update dose distributions were recalculated 
and a new treatment plans were created for 726 kVCT exami-
nations. The new plan was not used clinically. New values of 
volumes for PTV, bladder and rectum were read from these 
treatment plans. Next, daily fraction report was generated, 
which includes, among others things, projected doses values 
for PTV, bladder and rectum (Figure 1). 

Figure 1. Daily fraction report including projected doses values 
for PTV, bladder and rectum.
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The analysis was performed for projected Mean Dose [Gy] 
values. This is the projected dose to a given structure, which 
will be delivered in the remaining fractions, under the assump-
tion that the anatomical structures retained the same contours 
(volumes) throughout the remaining treatment fractions. 
Volumes and dose values for the PTV, bladder, and rectum 
from the CT study performed before the start were adopted 
as a baseline, reference values. The percentage differences Vol 
between the current organ volume Vact and the corresponding 
reference volume Vref were calculated according to formula1. 
As well as the percentage differences Dose between the pro-
jected current dose Dact for a given organ and the correspond-
ing reference dose Dref were calculated according to formula2. 

	 Vol  Vact Vref
Vref
−

= 	 (1)

where:
Vact – current volume value of the given organ [ml],
Vref – reference volume value of the given organ [ml].

	 Dose  Dact Dref
Dref
−

= 	 (2)

where:
Dact – projected current dose value for a given organ [Gy],
Dref – reference dose value for a given organ [Gy].

The mean values (Mean), standard deviations (SD), and 
median (Med.) were calculated for each patient according to 
the standard formulas.

Statistical analysis was conducted to evaluate the differenc-
es between the daily volume and recalculated projected dose 
values and the baseline for the PTV, bladder, and rectum, for 
each patient. The analysis was performed using a test T for the 
mean by comparing the mean value of sample to the reference 
value using an equation3.

	 T  
/

m mo
nσ

−
= 	 (3)

where:
T	 – calculated test value,
m	 – �the average value of daily volumes and doses for a single 

patient,
mo	– the reference value,
σ	 - standard deviation,
n	 – number of daily CTs for each patient.
The significance level was set at p < 0.05.

Results

Tables 1-3 presents the results of the average percentage dif-
ferences for volumes and projected doses, their corresponding 
standard deviations and medians, for the bladder, rectum, and 
PTV, respectively. Figure 2 shows percentage differences be-
tween volume Volact and Volref [%] for PTV, bladder, rectum 
for all CT scans. Figure 3 shows percentage differences be-
tween projected dose Volact and Volref [%] for PTV, bladder, 
rectum for all CT scans.

Table 1. Mean values of percentage differences for volumes  
and projected doses, corresponding standard deviations  

and medians, for the bladder.

Patient 
nr

Bladder

Mean SD Med.

Vol Dose Vol Dose Vol Dose

1 -7.3% -6.0% 21.1% 7.8% -15.4% 7.0%

2 3.1% -1.4% 19.5% 2.9% -1.6% -0.7%

3 -12.3% 5.0% 15.1% 3.8% -13.4% 5.7%

4 -14.1% 8.5% 23.0% 5.9% -17.0% 8.4%

5 -12.5% -3.2% 4.9% 0.6% -12.8% -3.3%

6 -19.2% -7.3% 10.3% 2.5% -22.2% -7.3%

7 -21.7% -5.5% 15.2% 2.4% -22.0% -5.9%

8 6.8% 5.4% 26.0% 2.5% 10.3% 5.3%

9 -0.2% -2.9% 6.0% 2.6% 0.0% -2.2%

10 15.8% -9.0% 23.6% 1.8% 14.4% -8.8%

11 -7.3% 4.7% 21.1% 14.8% -15.4% 3.7%

12 -19.4% -1.1% 6.2% 0.8% -19.4% -1.1%

13 0.0% 6.1% 20.7% 5.7% -11.0% 7.4%

14 29.3% 2.7% 27.8% 5.1% 27.4% 4.2%

15 -7.7% -3.5% 17.3% 1.7% -15.9% -3.4%

16 -5.2% 6.4% 22.2% 10.5% -6.3% 9.3%

17 -3.3% -2.0% 18.4% 1.1% -4.3% -1.6%

18 18.5% 11.8% 18.9% 3.0% 17.6% 11.7%

19 -20.3% 1.4% 17.7% 9.6% -20.6% 3.2%

20 6.9% -1.0% 9.9% 2.4% 7.9% -0.4%

21 -2.5% 0.5% 10.8% 1.5% -4.6% 0.3%

22 40.7% 2.1% 35.5% 10.0% 37.8% -0.5%

23 -7.7% 0.0% 7.4% 0.0% -7.6% 0.0%

24 0.3% 24.8% 23.2% 10.8% -5.2% 28.7%

25 -6.8% 0.7% 7.5% 0.9% -76.0% 0.4%

26 -10.8% 0.0% 26.8% 2.8% -19.9% -0.2%

27 17.3% 3.7% 23.6% 3.8% 23.1% 4.0%

28 -14.9% 0.8% 7.9% 1.5% -15.7% 1.4%

29 -20.4% -4.7% 10.7% 3.9% -21.0% -3.7%

30 -7.4% 0.1% 16.0% 0.1% -10.4% 0.1%
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Table 2. Mean values of percentage differences for volumes  
and projected doses, corresponding standard deviations  

and medians, for the rectum.

Patient 
nr

Rectum

Mean SD Med.

Vol Dose Vol Dose Vol Dose

1 16.0% -0.2% 12.9% -0.2% 13.7% 1.0%

2 10.1% 8.8% 12.0% 8.8% 11.9% 8.7%

3 5.9% -11.4% 13.1% -11.4% 4.9% -12.3%

4 19.7% 7.0% 10.4% 7.0% 15.3% 6.4%

5 -4.9% -2.1% 8.7% -2.1% -7.4% -2.5%

6 27.1% 15.9% 9.5% 15.9% 28.1% 17.2%

7 9.4% 1.1% 6.4% 1.1% 11.6% 1.2%

8 11.1% 3.4% 6.2% 3.4% 12.5% 3.3%

9 2.1% 0.4% 8.9% 0.4% 0.0% -0.8%

10 1.0% 4.5% 6.3% 4.5% -0.6% 3.6%

11 16.0% 4.3% 12.9% 4.3% 13.7% 1.4%

12 17.3% 4.2% 5.8% 4.2% 16.5% 4.5%

13 21.7% -13.8% 10.8% -13.8% 19.9% -13.9%

14 16.6% -8.2% 25.2% -8.2% 11.2% -8.9%

15 10.1% 9.1% 6.2% 9.1% 11.0% 9.9%

16 14.8% 0.7% 12.0% 0.7% 9.3% -0.2%

17 14.7% -2.5% 9.3% -2.5% 15.3% -1.9%

18 -10.5% -15.6% 9.3% -15.6% -10.9% -15.1%

19 28.9% 3.6% 12.5% 3.6% 26.5% 4.0%

20 1.0% 15.3% 6.2% 15.3% 3.1% 15.9%

21 3.4% 0.4% 8.3% 0.4% 1.5% 0.1%

22 10.3% -6.4% 19.9% -6.4% 0.7% -5.5%

23 32.5% 0.0% 6.8% 0.0% 32.8% 0.0%

24 14.2% -25.4% 14.4% -25.4% 10.2% -25.9%

25 22.1% 10.4% 9.1% 10.4% 19.4% 10.7%

26 15.6% 8.6% 12.5% 8.6% 13.0% 9.0%

27 28.4% -1.0% 11.4% -1.0% 29.2% -1.2%

28 3.8% -0.5% 12.9% -0.5% 0.9% -1.0%

29 20.6% 14.6% 7.9% 14.6% 19.0% 14.6%

30 16.5% -0.1% 11.2% -0.1% 15.6% -0.1%

Table 3. Average percentage differences for volumes  
and projected doses, corresponding standard deviations  

and medians, for PTV.

Patient 
nr

PTV

Mean SD Med.

Vol Dose Vol Dose Vol Dose

1 3.8% 0.9% 2.0% 0.8% 4.1% 0.7%

2 4.1% -0.1% 1.7% 0.5% 4.0% -0.2%

3 5.9% 0.6% 1.5% 0.3% 5.9% 0.6%

4 3.0% 2.6% 2.6% 0.3% 3.2% 2.6%

5 5.7% -1.3% 2.6% 0.3% 6.2% -1.3%

6 4.2% -1.4% 1.0% 1.1% 4.3% -1.5%

7 9.4% 0.5% 1.3% 1.0% 9.3% 1.3%

8 4.4% 1.3% 1.1% 0.2% 4.4% 1.3%

9 6.6% -0.7% 1.4% 0.4% 6.8% -0.7%

10 4.7% 0.8% 2.1% 0.5% 4.4% 0.7%

11 3.8% 1.4% 2.0% 1.0% 4.1% 1.4%

12 0.5% 2.0% 1.5% 0.2% 0.3% 2.1%

13 14.4% 1.0% 4.2% 0.4% 14.1% 1.0%

14 2.7% 1.3% 2.5% 0.6% 2.1% 1.3%

15 5.5% 1.1% 2.2% 0.3% 5.4% 1.2%

16 4.6% 0.6% 2.0% 0.5% 4.5% 0.6%

17 5.5% 0.1% 1.8% 0.6% 5.4% 0.2%

18 6.5% -0.4% 1.7% 0.3% 6.8% -0.3%

19 7.7% -0.6% 2.4% 0.5% 7.7% -0.5%

20 2.5% 0.0% 1.8% 0.6% 2.6% 0.0%

21 5.0% 1.9% 1.2% 0.2% 5.1% 1.9%

22 5.4% -1.3% 4.8% 3.3% 4.2% -1.4%

23 6.5% 0.0% 3.6% 0.0% 7.4% 0.0%

24 7.5% 0.3% 2.1% 0.7% 6.9% -0.2%

25 0.0% 1.2% 2.4% 0.5% -0.2% 1.0%

26 4.7% 2.5% 4.5% 0.0% 3.7% 2.7%

27 5.1% 1.6% 1.6% 0.2% 4.8% 1.6%

28 6.3% 1.4% 2.8% 0.5% 7.0% 1.4%

29 -0.3% 1.7% 1.8% 0.4% -0.2% 1.8%

30 4.0% 2.9% 5.5% 0.0% 3.7% 3.0%

Figure 2. Percentage differences between volume Volact and Volref [%] for PTV, bladder, rectum for all CT scans.
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Discussion

Daily imaging allow to obtain the current information on the 
patient’s anatomy. Appropriate tools allow for copying the 
treatment plan onto these daily images and updating it by re-
calculating the dose distribution and deforming the contours 
of internal structures to match their current dimensions. This 
updated plan can be implemented on the treatment unit; how-
ever, the process is still time-consuming. Offline analysis can 
offer insights into the changes in internal organ volumes (con-
tours) throughout the entire course of treatment. n this work, 
the results of the offline analysis of volume and dose changes 
for the structures were not applied clinically.

Among the analyzed structures, the bladder volume exhib-
ited the highest degree of variability. The percentage analy-
sis shows that mean values (Mean Vol), standard deviations 
(SD Vol) and median values (Med. Vol) ranged from -21.7% 
to 32.5%, 4.9% to 35.5% and -22.0% to 37.8%, respectively. 
Bladder volume changed consistently from baseline between 
fractions. This variability was observed even though the pa-
tient consistently drank a fixed volume of water before each 
radiotherapy session. Average bladder volumetric differences 
exceeding ±10% were observed in 15 patients, and those ex-
ceeding ±20% in 5 patients. The ±10% and ±20% thresholds 
were selected arbitrarily for the purpose of qualitative analysis 
of the results. For one patient, a high variability in volume 
measurements was observed (Mean Vol 40.7%, SD Vol 35.5%), 
which also translated into dose variability (Mean Dose 35.3%, 
SD Dose 10%). For another patient, mean volumetric differ-
ences value Mean Vol of 0.0% was observed. However, on the 
other hand, the standard deviation SD Vol was equal to 20.7%. 
This indicates a large spread of the results. Mean Vol values 
were in the range of -25.6% to 39.8%, respectively. But there is 
no time trend in bladder filling fluctuations for this patients.

The volume of the rectum also showed significant varia-
tions depending on the volume of rectal gas and stool content. 
Percentage-based analysis reveals that, mean values Mean Vol, 
standard deviations SD Vol and median Med. Vol values ranged 
from -10.5% to 32.5%, 5.8% to 25.2% and -10.9 to 32.8, respec-
tively. Average rectum volumetric differences exceeding ±10% 

were observed in 21 patients, and those exceeding ±20% in 7 
patients. A mean difference Mean Vol as low as 1% was recorded 
in two patients. For first patient, only two values exceeded 10% 
value (10.9% and 14.0%), while a single value reached 10.7% 
for second patient The standard deviation SD Vol of the differ-
ences is comparable (6.3% and 6.2%, respectively) for these two 
patients. The maximum value of mean volumetric differences 
Mean Vol reached 32.5% for another patients and was asso-
ciated with a relatively narrow range of values 16.5%–45.4% 
(SD Vol 6.8%). The differences in rectal volume were positive, 
meaning that the rectum volume exceeded the reference value 
on every treatment day for this patient.

The volume of the PTV exhibited minor variation for each 
patient throughout the untired treatment period. Based on 
the results, percentage-based analysis reveals that, mean val-
ues Mean Vol, standard deviations SD Vol and median Med. 
Vol values change throughout the course of treatment ranged 
from -21.7% to 32.5%, 4.9% to 35.5% and -22.0% to 37.8%, 
respectively. The difference exceeded Mean Vol 10% for only 
one patient (14,4%) with the smallest and largest differences 
being 7.7% and 23.8%, respectively. The minimum difference 
Mean Vol was -0.3%, and the range of values spanned from 
-4,9% to 3,2%. 

Changes in bladder volume strongly affected on recalcu-
lated projected dose in this organ. The percentage analysis of 
projected doses changes shows that mean values Mean Dose, 
standard deviations SD Dose and median values Med. Vol 
ranged from -9,0% to 24,8%, 0,0% to 14,8%,-8,8% to 28,7%, 
respectively. In this group of patients, no difference exceeded 
a Mean Dose value of 10%. For one patient, the projected Mean 
Dose changes values exhibited minimal variability, the mini-
mum and maximum values were -8.7% and 8.4% (SD 5,1%), 
respectively. Although the volume changes showed consider-
able dispersion (Mean Vol 29,3%, SD Vol 27,8%). The greatest 
average dose difference Mean Dose was 24% (SD Dose 10.8). 
Analysis of the data for this patient indicates that from the 7th 
fraction onward, the projected dose consistently exceeded the 
baseline by 17% to 42%. Starting from the 7th fraction, no as-
sociation can be observed between greater changes in bladder 
volume and increased doses.

Figure 3. Percentage differences between projected dose Volact and Volref [%] for PTV, bladder, rectum for all CT scans.
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Comparable variations are also observed for the rectum. 
Percentage-based analysis projected dose variations reveals 
that, mean values Mean Dose, standard deviations SD Dose 
and median Med. Dose values ranged from -25,4% to 15,9%, 
0,0% to 17,2%, 0,0% to 17,2%, respectively. Average rectum 
dosimetric differences Mean Dose exceeding ±10% were ob-
served in 8 patients. A Mean Dose greater than 20% was ob-
served in only one patient (–25.4% value). The delivered dose 
was consistently lower than the baseline across all fractions 
(ranged from -32.4% to 13.6%; SD 4.0%.

Among these analyzed structures, the PTV exhibited the 
smallest projected dose changes. An analysis indicates that 
mean values Mean Dose, standard deviations SD Dose and 
median Med. Dose values ranged from -1,4% to 2.9%, -1.4% 
to 2.6% and -1.5% do 0.3%, respectively. None of the mean 
differences Mean Dose exceed 3%.

Statistically significant differences in daily volumes versus 
baseline were observed in 19, 25 and 28 patients for bladder, 
rectum, PTV, respectively. Similarly, statistically significant 
differences in daily projected doses were observed in 23, 20 
and 25 patients for bladder, rectum, PTV, respectively.

Patients were asked to drink a half a  liter of water, both 
before the CT imaging performed for treatment planning and 
before each subsequent therapy sessions. This hydration pro-
tocol was designed to achieve a bladder filling level compa-
rable to the reference volume. The analysis of daily bladder 
volume variations shows that the bladder was filled to varying 
degrees compared to the baseline. In two patients, the Mean 
Vol exceeded 100% (and for two patients, it exceeded 90%), 
indicating that the bladder volume was approximately twice 

that observed in the planning CT Imaging. However, this 
volume change affected the PTV Mean Dose value (-12%) in 
only one patient. On the other hand, there is no information 
regarding the amount and frequency of fluid intake by the pa-
tient between fractions. This may have influenced the varying 
bladder filling levels prior to drinking water before the start of 
treatment. For the rectum, the planning CT imaging was per-
formed under conditions of minimal gas content and maximal 
emptying of the organ, which was achieved by administering 
appropriate medical agents to the patient and repeating the CT 
examination if necessary. Nevertheless, considerable changes 
in rectal volume were observed. Changes in the position of the 
PTV during each treatment fraction and their impact on the 
dose were not taken into account in this study.

Conclusion

The bladder and rectum are internal organs that change their 
volume depending on their filling. Qualitative data analysis 
showed that the greatest differences in volumes and doses oc-
curred for these structures. For the prostate, these changes 
were much smaller. The collected data were used to assess 
changes in the volume and projected dose of bladder, rectum 
and PTV. New updated structure contours were generated 
automatically. The data were not reviewed by physicians to 
verify the accuracy of their adaptation to the current shapes. 
For further research, physicians should be involved to deter-
mine whether the target and organs contours are appropriately 
deformed on daily CTs.
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