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Abstract 
Purpose: To analyze the effects of different bladder and rectal volumes on the dose of organ at risks (OARs) and 

primary tumors following uniform preparation procedure. 
Material and methods: In this retrospective study, a total of 60 patients with cervical cancer treated with exter-

nal beam radiation therapy (EBRT) combined with chemotherapy and brachytherapy (BT) during 2019-2022 were 
included (300 insertions). Then, tandem-ovoid applicators were placed and computed tomography (CT) scanning was 
performed after each insertion. Delineation of OARs and clinical target volumes (CTVs) were done according to GEC- 
ESTRO group recommendations. Finally, doses of high-risk clinical target volume (HR-CTV) and OARs were obtained 
from dose volume histogram (DVH) automatically generated by BT treatment planning system. 

Results: Following a uniform preparation procedure, the median bladder volume of 68.36 cc (range, 29.9-235.68 cc) 
was in optimal agreement with the recommended bladder volume of ≤ 70 ml, which avoided more manipulation 
and possible risk of adverse events during general anesthesia. As the bladder filling volume increased, there was no 
corresponding increase in rectal, HR-CTV, and small bowel volumes, while the sigmoid colon volume decreased.  
The median rectal volume was 54.95 cc (range, 24.92-168.1 cc), and as the rectal volume increased, HR-CTV, sigmoid 
colon, and rectum volumes increased, and conversely, small bowel volume decreased. HR-CTV changes with volume 
affected the rectum, bladder, and HR-CTV, but not the sigmoid colon and small intestine. 

Conclusions: Following a uniform preparation procedure, the bladder and rectum can also be controlled to an op-
timal volume (B ≤ 70 cc, R ≈ 40 cc), which is related to the dose of the bladder, rectum, and sigmoid colon. 
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Purpose 
According to the 2020 Global Survey, cervical can-

cer is the fourth most common cancer and the fourth 
leading cause of cancer-related deaths in women [1]. 
External beam radiotherapy (EBRT) combined with che-
motherapy and brachytherapy (BT) is the standard of 
care for locally advanced cervical cancer (LACC) [2, 3]. 
Brachytherapy is an essential component of treatment 
for locally advanced cervical cancer. BT involvement 
throughout the treatment of cervical cancer, not only 
improves local tumor control and overall survival [4, 5], 
but minimizes treatment-related adverse effects [6, 7]. 
Benefits from advances in sophisticated planning and 
delivery techniques over the last two decades as well as 
the introduction of computer and imaging technologies 
have stimulated the development of radiotherapy (RT) 
[8, 9]. The use of three-dimensional (3D) high-dose-rate 

(HDR) BT has increased the local control rate of cervical 
cancer to 88%, and organ-threatening radiation damage 
to nearly 5% [10]. 

During RT of cervical cancer, the exposed dose of  
the bladder, rectum, and small intestine has always been 
the focus of radiotherapists. Filling degree of the bladder 
and rectum affects the dose of the tumor and the organs, 
exceeding a limited dose, which leads to radiation cystitis 
and proctitis. In some developed countries, about 50% of 
patients with locally advanced cervical cancer do not re-
ceive guided treatment, and about 20-25% do not receive 
BT [11-13], where the general condition of patient (Karn-
ofsky Performance Scale – KPS), complications, time re-
quired for BT, and inadequate health insurance payment 
are considered common reasons for non-compliance with 
guided treatment [14]. Bladder volume is one of the most 
critical variables. Several studies have shown that the 
bladder filling receives a higher dose during BT, with re-
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duced dose to the small intestine and increased dose to 
the rectum, while the rectum and sigmoid colon receive 
a lower dose when the bladder is empty [15]. However, 
other research indicated no significant difference in the 
bladder and rectal doses if the bladder is full or not [16]. 
Therefore, there is no clinical consensus on the effect of 
bladder volume on the dose of organ at risks (OARs) and 
bladder irradiation [17-19]. Therefore, it is crucial to un-
derstand the uncertainty of target area and OARs to min-
imize the risk of complications [20-22]. 

The purpose of this paper was to analyze the effects 
of different bladder and rectal volumes on OARs and pri-
mary tumors between different fractions following a uni-
form preparation procedure, and to provide objective ba-
sis for the treatment of cervical cancer and guidance for 
clinical application. 

Material and methods 
Patients’ selection 

This retrospective study included 74 patients with 
cervical cancer who received radical RT at the Lanzhou 
University Second Hospital from June, 2019 to July, 2022, 
with information obtained from medical records. 

Inclusion criteria: 1) Patients aged ≥ 18 years with 
pathologically confirmed squamous carcinoma, adeno-
carcinoma, or adenosquamous carcinoma of the cervix; 
2) Patients with FIGO (2018) staging [23] IB1-IVB; 3) KPS 
score ≥ 70, and being able to cooperate in order to com-
plete the treatment; 4) A signed informed consent before 
the treatment. 

Exclusion criteria: 1) Patients with other tumors in 
combination; 2) Active inflammatory bowel disease;  
3) Active infection; 4) Other serious diseases, such as 
heart or kidney diseases that required treatment. 

Applicator insertion 

Intra-cavitary brachytherapy (ICBT) was performed 
2-3 weeks after initiation of EBRT to ensure that the tar-
get covered the lesion in 100%. One hour before treat-
ment, all patients received rectal enemas, and were 
requested to go to the toilet and empty their bladders 
before insertions [24]. Uterine applicator was placed 
at the bottom of the uterus in lithotomy position, and 
vaginal applicator was fixed at the level of the vaginal 
fornix 3 cm apart. Then, the uterine source applicator 
was adjusted at the middle of the vaginal source appli-
cator, the vagina was packed with gauze, source devic-
es were relatively fixed, and finally were placed on the 
treatment bed. In all patients’ preparation, scanning, 
and transfer steps, a flat transfer vehicle was used, and 
the patients were fixed in a supine position, as during 
the treatment. 

Imaging and contouring 

All patients underwent CT simulation with 3 mm 
axial image slices in treatment position using Bril-
liance CT Big Bore Oncology spiral CT scanner (Philips;  
The Netherlands) from the L5 vertebra to the vaginal or-

ifice, both sides containing the pelvic wall. Patients’ CT 
images were imported to 3D brachytherapy treatment 
planning system (version TCS4; Beijing Kelinzhong Med-
ical Systems, China). 

High-risk clinical target volume (HR-CTV) and OARs 
(the bladder, rectum, and sigmoid colon) were delineated 
on CT image with available information, including gyne-
cological examination and magnetic resonance imaging 
before BT. This was done by a  radiation oncologist ac-
cording to the GEC-ESTRO GYN Working Group recom-
mendations [25]. 

Treatment planning 

All 74 cases received VMAT (volumetric modulat-
ed arc therapy) technique, and EBRT was delivered on  
a 6 MV linear accelerator (Elekta Corporation, Stockholm, 
Sweden). The prescription dose was ranging between 46.0 
and 50.4 Gy in 23-28 fractions to the whole pelvis with a si-
multaneous integrated boost of 60.2 Gy to the pelvis or 
retro-peritoneal metastatic lymph nodes. Concurrent pa-
clitaxel at 135-175 mg/m2 and cisplatin at 40 mg/m2 were 
administered every 3 weeks during EBRT. 

Three-dimensional (3D) conformal BT was performed 
with an HDR 192Ir BT device (Kelinzhong Institute of 
Medical Technology, Beijing, China). Prescription dose 
was 6 Gy in 1-2 fractions weekly, 5 fractions in total.  
The dose prescription was based on a  linear quadratic 
model and EQD2 concept, considering an α/β of 10 Gy 
for tumors and 3 Gy for late-responding normal tissue. 
The treatment plan, including EBRT and BT was evalu-
ated for OARs in all patients using the following criteria: 
rectum, D2cc ≤ 65-75 Gy (EQD2); sigmoid colon, D2cc ≤ 70-
75 Gy (EQD2); bladder, D2cc ≤ 80-90 Gy (EQD2). Doses of 
D2cc, D1, Dm (median), Dave (average), and D99 for HR-
CTV, bladder, rectal, and sigmoid colon were obtained 
from dose volume histogram (DVH) automatically gen-
erated by BT treatment planning system. 

Statistical analysis 

Statistical analysis was performed using SPSS statisti-
cal package version 25 (IBM Corporation, Illinois, USA). 
Clinico-pathological and treatment-associated character-
istics were assessed using descriptive statistics. A paired 
t-test (mean ±SD) was used to compare the means be-
tween the two groups. Pearson’s test was applied to ana-
lyze the correlation between the two groups. Association 
between the bladder or rectum volume and the dose to 
OARs and HR-CTV were evaluated using a linear regres-
sion model. P-value < 0.05 was considered statistically 
significant. 

Results 
Patients’ characteristics 

A total of 74 patients with 356 ICBT insertions were 
included in this study, and 63 patients (85.1%) completed 
the five scheduled BT sessions; 3 patients with incomplete 
data were excluded, resulting in total of 60 cases included.  
The median age was 55.25 years (range, 28-80 years). 
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Fifty-eight patients (96.7%) were squamous cell carcino-
ma, and 2 (3.3%) presented with adenocarcinoma. FIGO 
staging (2018) I-IV were IB1: 3 (5%), IB2: 0 (0%), IIA: 18 
(13.3%), IIA2: 15 (25%), IIB: 11 (18.3%), IIIA: 6 (10%), IIIB: 
7 (11.6%), IIIC1: 6 (10%), and IIIC2: 0 (0%). Late adverse 
events in the lower gastrointestinal and genitourinary 
tracts were observed in 30 and 8 patients, respectively, 
and most of them were classified as grade 1 or 2. Two 
patients had stage IVA disease with rectal invasion, and 
two patients had stage IVA bladder invasion. Patients’ 
characteristics are shown in Table 1. 

Variations in bladder volume and dose 

The median volumes of the bladder, rectum, sigmoid 
colon, small intestine, and HR-CTV for all 300 brachyther-
apy insertions on simulated CT during BT were 68.36 cc 
(range, 29.9-235.68 cc), 54.95 cc (range, 24.92-168.1 cc), 
75.79 cc (range, 6.6-147.58 cc), 144.24 cc (range, 18.60-
340.42 cc), and 80.19 cc (range, 36.44-138.16 cc), respec-
tively.

Increasing the number of BT implants, paired t-test 
(Table 2) showed a  significant decrease in bladder vol-
ume at the 3rd insertion compared with the first insertion 
(mean ±SD: 72.83 ±53.31 cc vs. 60.76 ±30.38 cc, p < 0.05). 

Linear regression models included the rectum, sig-
moid colon, small bowel, and HR-CTV. Bladder volume 
during BT was associated with rectum volume (R: 0.50, 
95% CI: 0.20-0.80%, p < 0.05), sigmoid colon (R: 0.28, 95% 
CI: –0.36-–0.01%, p < 0.05), and HR-CTV (R: 0.27, 95% CI: 
0.02-0.65%, p < 0.05), irrelevant to small bowel volume 
(Table 3). As bladder volume increased, there was no cor-
responding increase in D1, D2cc, D99, Dm, Dave of the rec-
tum, HR-CTV, and small bowel; inversely, sigmoid D2cc 
(R: 0.26, 95% CI: –1.294-0.02%, p < 0.05) decreased with 
increasing bladder volume. Bladder volume was signifi-
cantly correlated with bladder D99 (R: 0.43, p < 0.001), 
Dmean (R: 0.52, p < 0.001), Dave (R: 0.52, p < 0.001), and 
not with bladder D1 (R: 0.20, p > 0.05) and D2cc (R: 0.06,  
p > 0.05). 

Variations in rectum volume and dose 

The paired t-test (Table 4) showed that with the in-
creasing number of BT insertions, the rectal volume in-
creased significantly at the 3rd insertion compared with 

Table 1. Patient and clinico-pathological charac-
teristics

Characteristic Number (%), n = 60 

Median age (years) 55.25 (28.0-80.0%) 

ECOG score 

 0-1 57 (95.0) 

 2 3 (5.0)

Histology 

 Squamous cell carcinoma 58 (96.7) 

 Adenocarcinoma 2 (3.3) 

 Adenosquamous carcinoma 0 (0.0) 

FIGO staging 

 IB1, IB2 3 (5.0), 0 (0.0) 

 IIA1, IIA2, IIB 8 (13.3), 15 (25.0), 11 (18.3) 

 IIIA, IIIB, IIIC1, IIIC2 6 (10.0), 7 (11.6), 6 (10.0), 
0 (0.0) 

 IVA, IVB 4 (6.6), 0 (0.0) 

Brachytherapy insertion 

 4 11 (15.0) 

 5 63 (85.0) 

Tumor size 

 < 4 cm 11 (18.3) 

 ≥ 4 cm 49 (81.7) 

Applicator type 

 Ring 0 (0.0) 

 Ovoid 60 (100.0) 

Tandem length 

 < 4 cm 11 (18.3) 

 > 4 cm 49 (81.7) 

ECOG – Eastern Cooperative Oncology Group; FIGO – International Federation 
of Gynecology and Obstetrics

Table 2. Change in bladder volume between brachytherapy insertions

Pair n Bladder volume (cc)  
(mean ±SD) 

Change in bladder volume (cc) 
(mean ±SD) 

t P-value 

1 1st insertion 60 72.83 ±53.31 10.87 ±51.49 1.64 0.11 

2nd insertion 60 61.96 ±36.57 

2 1st insertion 60 72.83 ±53.31 12.07 ±43.68 2.14 0.04 

3rd insertion 60 60.76 ±30.38 

3 1st insertion 60 72.83 ±53.31 1.19 ±60.75 0.15 0.88 

4th insertion 60 71.64 ±50.68 

4 1st insertion 60 72.83 ±53.31 7.62 ±47.66 1.24 0.22 

5th insertion 60 65.21 ±27.76 

that at the 1st and 2nd insertions, respectively (ME ±SD: 
50.59 ±22.59 cc vs. 60.97 ±40.83 cc, p < 0.05; ME ±SD:  
50.54 ±25.92 cc vs. 60.97 ±40.83 cc, p < 0.05).

Linear regression analysis (Table 5) showed that 
rectal volume during BT was associated with bladder 
(R: 0.40, 95% CI: 0.20-0.80%, p < 0.01), HR-CTV (R: 0.31, 
95% CI: 0.02-0.57%, p < 0.05), and small bowel volume 
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Table 3. Linear regression model of factors associated with bladder volume during brachytherapy

Factor R 95% CI P-value 

Lower limit Upper limit 

Rectum volume 0.40 0.20 0.80 0.00 

Sigmoid volume 0.28 –0.36 –0.01 0.03 

HR-CTV volume 0.27 0.02 0.65 0.04 

Intestine volume 0.20 –0.02 0.17 0.12 

HR-CTV – high-risk clinical target volume

Table 4. Change in rectum volume between brachytherapy insertions

Pair n Rectum volume (cc)
(mean ±SD) 

Change in rectum volume (cc)  
(mean ±SD) 

t P-value 

1 1st insertion 60 50.59 ±22.59 0.05 ±28.00 0.15 0.98 

2nd insertion 60 50.54 ±25.92 

2 1st insertion 60 50.59 ±22.59 –10.37 ±37.99 –2.11 0.04 

3rd insertion 60 60.97 ±40.83 

3 1st insertion 60 50.59 ±22.59 –4.34 ±20.20 –1.67 0.10 

4th insertion 60 54.93 ±25.01 

4 1st insertion 60 50.59 ±22.59 –6.45 ±26.33 –1.90 0.06 

5th insertion 60 57.04 ±34.84 

5 2nd insertion 60 50.54 ±25.92 –10.43 ±32.70 –2.47 0.01 

3rd insertion 60 60.97 ±40.83 

Table 5. Linear regression model of factors associated with rectum volume during brachytherapy

Factor R 95% CI P-value 

Lower limit Upper limit 

Bladder volume 0.40 0.20 0.80 0.00 

Sigmoid volume 0.06 –0.59 0.36 0.62 

HR-CTV volume 0.31 0.02 0.57 0.02 

Intestine volume 0.43 0.66 2.27 0.00 

HR-CTV – high-risk clinical target volume

(R: 0.43, 95% CI: 0.66-2.27%, p < 0.05), and was unrelated 
to sigmoid colon volume (R: 0.06, 95% CI: –0.59-0.36%, 
p > 0.05). As rectal volume increased, HR-CTV Dave  
(R: 0.00, 95% CI: –2.68-2.75%, p < 0.05), sigmoid D2cc  
(R: 0.00; 95% CI: –0.82-0.84%, p < 0.05), and rectal D2cc  
(R: 0.34; 95% CI: 0.17-1.10%, p < 0.01) volumes subse-
quently increased, whereas small bowel volume D (med) 
(R: 0.25, 95% CI: –0.77-0.00%, p < 0.05) decreased with in-
creasing rectal volume.

Variations in HR-CTV volume and dose 

The paired t-test (Table 6) showed a gradual decrease 
in HR-CTV volume with an increasing number of BT inser-
tions, with a significant difference between the 1st and 5th 
comparisons (ME ±SD: 84.93 ±28.81 cc vs. 76.03 ± 26.53 cc,  
p < 0.01). 

Linear regression analysis showed that HR-CTV 
volume affected rectal D2cc (R: 0.43, 95% CI: 0.37-1.25%,  
p < 0.01), rectal D99 (R: 0.60, 95% CI: 0.40-0.85%, p < 0.01),  
bladder D99 (R: 0.41, 95% CI: 0.14-0.54%, p < 0.01),  
HR-CTV D2cc (R: 0.50, 95% CI: 9.74-26.1%, p < 0.01), and 
HR-CTV D1 (R: 0.52, 95% CI: 8.47-21.40%, p < 0.01), but 

did not influence the volume of sigmoid colon and small 
intestine (Table 7). 

Discussion 
Dilalla et al. [26] reported that > 60% of cancer patients 

would survive ≥ 5 years after diagnosis, and nearly 40% 
of them have received at least one course of RT. Pelvic 
tumors are even more frequently involved in RT, and ac-
cordingly, pelvic RT has the greatest impact on a patient’s 
quality of life [27]. Fuccio et al. [28] noted that ≥ 50% of 
patients experienced common adverse effects, including 
diarrhea, abdominal pain, rectal bleeding, and urinary 
urgency after pelvic radiotherapy, and two important or-
gans involved were the bladder and rectum. In the pres-
ent study, we analyzed the effects of bladder, rectum, 
and HR-CTV volumes on OARs and HR-CTV during BT 
in cervical cancer, aiming to provide suggestions for the 
bladder and rectal volume control during brachytherapy. 

There are many studies on the degree of bladder 
emptying or filling, affecting dose to target area or dose 
to OARs, ranging from 0 ml to 200 ml [16-19, 29]. Mah-
antshetty et al. [16] reported no significant difference in 
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bladder dose whether the bladder was filled or empty. 
Siavashpour et al. [18] demonstrated that a bladder vol-
ume of ≤ 70 ml was optimal. However, there is no clinical 
consensus on the effect of bladder volume on the dose 
of OARs and bladder irradiation [17-19]. Most previous 
studies have used Foley catheters to control bladder vol-
ume [30, 31], but bladder volume remained highly vari-
able, which may be related to poor catheter drainage, 
impaired bladder function, and general anesthesia. All 
patients in this study followed a  uniform preparation 
procedure (emptying the bladder and rectum before BT), 
and Foley catheter was not used to control bladder vol-
ume. Davidson et al. [32] noted that following a uniform 
bladder filling or emptying procedure could also mini-
mize changes due to organ deformation. 

Our results showed the median bladder volume of 
68.36 cc (range, 29.9-235.68 cc), only 4 cases with bladder 
volumes > 100 ml, and a significant reduction in bladder 
volume at the third insertion (p < 0.05). More than 90% of 
the patients had bladder volumes controlled at around  
70 cc, which avoided more manipulation and possible 
risks of accidents during general anesthesia. Linear re-
gression analysis further showed that bladder volume 
during BT correlated with sigmoid colon and HR-CTV, 
unrelated to small bowel volume. As bladder filling vol-
ume increased, there was no corresponding increase in 
rectal, HR-CTV, and small bowel receptive volumes, and 
sigmoid D2cc decreased. Nesseler et al. [19, 29] indicated 
that bladder expansion reduced the dose received by the 
small bowel, without altering the dose received by other 
OARs. In addition, we found that bladder volume was 
significantly correlated with bladder D99, Dm, and Dave, 
but not with bladder D1 and D2cc, which is not consistent 

with previously reported data, probably owing to the late 
tumor (T) stage (81.7% of tumors ≥ 4 cm) and tandem 
lengths (TL), all > 4 cm in our study cases. In a study [15], 
when TL was > 4 cm and T ≤ 4 cm, bladder dose was 
significantly affected by bladder volume and TL, while 
when T > 4 cm, there was no correlation between the 
change in bladder dose and volume. 

Furthermore, we analyzed the effect of rectal vol-
ume change on OARs and HR-CTV. Rectal volume  
was correlated with the bladder, HR-CTV, and small  
bowel volume, but not with sigmoid volume. The me-
dian rectal volume was 54.95 cc (range, 24.92-168.1 cc),  
and as rectal volume increased, HR-CTV Dave, sig-
moid D2cc, and rectal D2cc also increased, while small 
bowel Dmean decreased. Siavashpour et al. [18] stat-
ed that when the rectal volume was < 40 cc, the dif-
ference between rectal D0.1cc and D2cc was about 3%, 
which is similar to our results. The rectal dose was 
greatest with the bladder volume being 120-140 cc.  
When the bladder volume was > 140 cc, the rectal dose 
started to decrease. Rectal D0.1cc and D2cc were similar 
when bladder volume was < 70 cc or bladder volume was 
> 170 cc. Additionally, we did not observe the influence 
of rectal volume on bladder volume. It may be that the 
fixed applicator plays a key role as the rigid support of 
HR-CTV and rectum, which can resist the downward 
pressure from expanding bladder. A study [32] reported 
that using the same applicator for each insertion could 
minimize changes caused by the placement of applicator. 

In addition, we analyzed the changes in HR-CTV vol-
ume per fraction and the consequent dosimetric chang-
es. The HR-CTV volume gradually decreased with the 
increasing number of brachytherapy insertions, which 

Table 6. Change in HR-CTV volume between brachytherapy insertions

Pair n HR-CTV volume (cc)
(mean ±SD) 

Change in HR-CTV volume (cc)
(mean ±SD) 

t P-value 

1 1st insertion 60 84.93 ±28.81 7.06 ±2.62 2.69 0.00 

4th insertion 60 77.87 ±24.97 

2 1st insertion 60 84.93 ±28.81 8.90 ±2.44 3.63 0.00 

5th insertion 60 76.03 ±26.53 

3 2nd insertion 60 81.79 ±29.80 5.76 ±2.29 2.51 0.01 

5th insertion 60 76.03 ±26.53 

4 3rd insertion 60 79.84 ±24.40 3.80 ±1.81 2.10 0.04 

5th insertion 60 76.03 ±26.53 

HR-CTV – high-risk clinical target volume

Table 7. Linear regression model of factors associated with HR-CTV volume during brachytherapy 

Factor R 95% CI P-value 

Lower limit Upper limit 

Rectum D2cc 0.43 0.37 1.25 0.00 

Rectum D99 0.60 0.41 0.85 0.00 

Bladder D99 0.41 0.14 0.53 0.00 

HR-CTV D2cc 0.50 9.74 26.19 0.00 

HR-CTV D1 0.52 8.47 21.40 0.00 

HR-CTV – high-risk clinical target volume

https://www.thesaurus.com/browse/additionally
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may be related to clinician experience and image align-
ment, with a  significant difference between the 1st and  
5th comparisons; the median HR-CTV volume was  
80.19 cc (range, 36.44-138.16 cc). Linear regression analy-
sis showed that HR-CTV variation with volume affected 
rectal D2cc, rectal D99, bladder D99, and HR-CTV D2cc and 
HR-CTV D1, and did not affect the volume variation of 
the sigmoid colon and small intestine. 

Unlike other research, this study followed a uniform 
preparation process and did not use a Foley catheter for 
bladder volume control, showing similar study results. 
However, the present study had several limitations. First, 
it was a  single-institution retrospective study. Second, 
it applied a  conventional point A-based ICBT (AICBT) 
planning technique, and brachytherapy plan could only 
be performed within dose limits of OARs, with a disad-
vantage of dose optimization not applied to the target 
volume of conformal ICBT [33]. Third, the number of 
cases was small, and the target area, OARs, were delin-
eated based on CT images, with some errors in image 
alignment, whereas international recommendations ad-
vocated the use of MRI as the preferred imaging modali-
ty [34]. However, it is difficult to design a case study that 
includes more stratification factors, and a specific proto-
col is recommended to be developed prior to the study in 
order to obtain more accurate results. 

Conclusions 
Following a  uniform preparation process and con-

trolling the bladder filling status before brachytherapy 
is an important factor to ensure accurate radiotherapy of 
the primary tumor and OARs. Limiting bladder volume 
can reduce the dose to the bladder and sigmoid colon. 
Restricting rectal volume decreases the dose to the small 
intestine. HR-CTV volume does not affect the volume 
change in the sigmoid colon and small intestine. 
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