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Objective: This study aimed to investigate the impact of bladder volume on treatment

planning and clinical outcomes of radiotherapy for patients with cervical cancer.

Materials and methods: One hundred and sixty-six patients with locally advanced cervical

cancer were selected in this retrospective study. The patients were divided into four groups

according to their average bladder volume during radiotherapy (external beam radiation therapy

and intracavitary brachytherapy): group A: V<100 mL, group B: 100 mL≤V≤150 mL, group C:

150 mL<V≤200 mL, group D: V>200 mL. The bladder volume and the cumulative dose to

planning target (D90), bladder (D2cc), rectum (D2cc), and sigmoid (D2cc) were calculated using

the treatment planning system. Treatment outcomes including late adverse events (the maximum

grade of radiation-induced proctitis and cystitis), the objective response rate of tumor and lymph

node, overall survival (OS), and progression-free survival (PFS) were collected. Additionally, the

correlation between bladder volume and the irradiated dose of organs at risk and treatment

outcomes was analyzed.

Results: The median follow-up time was 28 months. The D90 and D2cc of the rectum in

group A were the highest (P<0.05). The D2cc of the bladder in group D was the highest

(P<0.05). There was no significant difference in the tumor and lymph node regression rate,

OS, and PFS among the groups. The difference in the late radiation-induced proctitis and

cystitis maximum grade among the four groups was statistically significant (P<0.001,

P=0.022, respectively), with group A the most serious and group B the mildest.

Conclusion: For patients with cervical cancer, the bladder volume significantly affected the

delivered dose to target, rectum, and bladder. When the bladder volume range was 100–150 mL,

the rate of late radiation-induced proctitis and cystitis was low and the degree of reaction was

mild. This is thought to be the optimum bladder volume for patients with cervical cancer during

radiotherapy.
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Background
Cervical cancer is one of the most commonmalignant tumors in gynecological tumors. It

ranks fourth in both incidence andmortality among females worldwide; in less developed

countries, its morbidity and mortality rate rank second and third, respectively, in female

tumors, and socioeconomic inequality is the most notable gap. The global cancer

statistics 2018 estimated that there will be 569,847 new cases and 311,365 cervical

cancer death worldwide in 2018.11 Approximately 70% of cervical cancer patients were

already locally advanced at the initial diagnosis, and radiotherapy-based comprehensive
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treatments are the main treatments for them.2 Because of the

special anatomical position of the cervix, the bladder and

rectum are close to the anterior and posterior walls of the

uterus, and the tolerated dose of the bladder and rectum is

lower than that of the uterus, so radiation-induced cystitis and

proctitis are the most common complications.3 Most late

radiation-induced cystitis occurs between 1 year and 6 years

after radiotherapy, and 80% of late radiation-induced proctitis

occurs between 6 months and 2 years.4 With the progress of

diagnosis and treatment technology, the overall survival rate

(OS) of cervical cancer has significantly improved. However,

the control of radiotherapy complications has not, which ser-

iously affects the quality of life of patients.5 In radiation

therapy technology, through intensity-modulated radiation

therapy, a change of position in the promotion of the adjust-

ment of the filling degree of normal organs can effectively

reduce the viscera of radioactive damage;6–8 at the same time

during radiotherapy, preventive use of corresponding drugs

(such as radiation protective agent, intestinal flora regulator,

intestinal mucosa protectant, etc.) also obtained a certain

effect.9,10 The bladder volume, as a relatively controllable

influencing factor, not only changes the dose of radiotherapy,

but also provides a new idea for the prevention of radiotherapy

complications. Yamashita et al11 carried out a study of 10

patients with different bladder filling states (0 mL, 50 mL,

100 mL, 150 mL, 200 mL) in the process of intracavitary

brachytherapy (ICBT), and found that an increase in bladder

volume resulted in a significant reduction in the hot-spot dose

of the small bowel at the expense of an increase in that of the

bladder without changing the dose distribution of the recto-

sigmoid. Many research studies confirmed that, in the process

of radiotherapy, adjusting the bladder volume can change the

dose of targets and organs at risk (OARs),12–15 but most of

them were dosimetric studies, with outcomes such as short-

term efficacy, OS, progression-free survival rate (PFS), late

radiation reaction, etc., there is no related follow-up data

report, and the number of patients is deficient. Therefore, this

study intends to use retrospective analysis to analyze the

treatment and follow-up data of patients with cervical cancer

who have received radiotherapy in our treatment center, in

order to find the optimum bladder volume range which is

helpful for the prognosis of patients.

Materials and methods
This study was retrospective research which analyzed the

treatment and follow-up data of cervical cancer patients

who were treated in our research center between January

1, 2013 and December 31, 2017. The study was approved

by the First Affiliated Hospital of Guangxi Medical

University Ethical Review Committee with the written

informed consent of individual patients.

Patients
Eligible patients were required to meet the following inclu-

sion criteria: patients with locally advanced cervical cancer

(IB2, IIA2–IVA stage, 2009 International Federation of

Gynecology and Obstetrics [FIGO] staging16) diagnosed

for the first time; data of pelvic magnetic resonance imaging

or computed tomography (CT) enhanced scan obtained

before treatment, and reexamination conducted at least

once during 3 months to 1 year after treatment; Karnofsky

score17 ≥70; first time of treatment for cervical cancer;

treatment as recommended by National Comprehensive

Cancer Network guidelines:18 radiotherapy (external beam

radiation therapy (EBRT): intensity-modulated radiother-

apy, DT: 45 Gy~50 Gy/25 fractions, once a day, 5 times a

week; ICBT: 3D image-guided ICBT, DT: 6 Gy/5 fractions

or 7 Gy/4 fractions); and weekly low-dose cisplatin (40 mg/

m2/day 1) in concurrent chemoradiotherapy. Exclusion cri-

teria were as follows: patients with other malignant tumors,

pregnancy, or lactation; patients who have accepted other

tumor-related treatment including radiotherapy or che-

motherapy before; patients participating in clinical trials;

stage IIIB patients with renal pelvis edema; and follow-up

time of patients <1 year.

Treatment planning
All patients underwent radiotherapy and chemotherapy as

described for the inclusion criteria. Varian Clinac iX linacs

(Varian Medical Systems, Palo Alto, CA, USA) and the

Eclipse 8.6 treatment planning system (Varian Medical

Systems) were used for EBRT. Elekta Brachytherapy

Solutions (Elekta, Veenendaal, The Netherlands) and the

Fletcher Williamson Asia Pacific Sets (ovoid tubes and intrau-

terine tubes 15° and 30°) were used for ICBT. During radio-

therapy, patients were asked to empty their bladders 1 h before

treatment and then drink 800 mL water within 10 min to

ensure the consistency of bladder volume, and cone-beam

CTwas performed every 5 times of EBRT.

Follow-up
Every patient with cervical cancer in our research center

was advised to review every 3–6 months within 2 years

after the end of treatment, every 6–12 months within 3–5

years, and then review annually based on the patient’s risk

of tumor recurrence.
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Methods of observation and assessment
The treatment planning system was consulted to obtain the

bladder volume (EBRT: external radiation positioning of

the patient, ICBT: bladder volume in each treatment of CT

images) and the cumulative dose to planning (D90) of the

target, (D2cc) of the bladder, (D2cc) of the rectum, and

(D2cc) of the sigmoid, as recommended by the gynecolo-

gical GEC ESTRO working group.19,20 All received doses

were calculated using a biologically equivalent dose of 2

Gy per fraction (EQD2) and a linear-quadratic model with

α/β of 10 Gy was assumed for the target and α/β of 3 Gy

was used for OARs.21–24 Short-term efficacy was assessed

by comparing the results of gynecologic examination and/

or plain pelvic magnetic resonance imaging or CT exam-

ination before and 3 months after radiotherapy. They were

classified according to WHO criteria in the evaluation of

treatment response in malignant solid tumors:25 complete

remission, partial response, stable disease, progression

disease, and objective remission rate calculated by com-

plete remission plus partial response. The tumor and

lymph nodes were assessed, respectively. Survival results

were evaluated according to the follow-up results after

radiotherapy: OS and PFS were the main endpoint, and

the survival time was determined from the date of diag-

nosis to the date of death or final follow-up. OS referred to

the time from diagnosis with cervical cancer to the death

of any cause. PFS referred to the time from diagnosis to

progression (such as local tumor recurrence or distant

metastasis) or death of any cause. Late adverse events

were graded by the Radiation Therapy Oncology Group/

European Organization for Research and Treatment of

Cancer (RTOG/EORTC) classification criteria,26 and the

maximum-grade adverse events during follow-up were

selected as the analysis data.

Statistical methods
Measurement data of the different groups were expressed as

mean±SD and analyzed by ANOVA test. A chi-square test

was used for the comparison of counting data. The rank-

sum test was used for ranking data. Univariate and multi-

variate analyses of prognostic factors were performed using

a Cox risk model. Kaplan–Meier curves were used to ana-

lyze the patient survival rate and the log-rank test was used

to analyze statistical differences among groups. All statis-

tical analyses were performed with IBM SPSS software

(version 25; IBM Corporation, Armonk, NY, USA), and a

value of P<0.05 was considered statistically significant.

Results
Patient characteristics
A total of 184 patients with locally advanced cervical

cancer met the criteria for inclusion in the study. Based

on the exclusion criteria, 18 patients were excluded: 10

patients were lost during the follow-up, 2 patients were

lactating, and 6 patients had stage IIIB cervical cancer

with renal pelvis edema. At last, a total of 166 patients

with locally advanced cervical cancer were screened, with

a median age of 54 years ranging from 26 to 75 years.

There were 6 cases in stage IB2, 16 cases in stage IIA2,

110 cases in stage IIB, 8 cases in stage IIIA, 23 cases in

stage IIIB, and 3 cases in stage IVA. There were 145 cases

of squamous cell carcinoma, 19 cases of adenocarcinoma,

and 2 cases of other pathological types. There were 62

cases with positive lymph nodes and 104 cases negative.

Patients were divided into four groups basing the average

bladder volume during radiotherapy: group A: V<100 mL,

group B: 100 mL≤V≤150 mL, group C: 150 mL<V≤200
mL, group D: V>200 mL. A comparison of characteristics

of these patients in different groups is presented in Table 1.

Analysis of factors affecting OS
Univariate analysis and multivariate analysis were per-

formed using a Cox regression model, and determined

that FIGO stage, pathology, and metastasis were all sig-

nificantly associated with OS in patients with locally

advanced cervical cancer (Tables 2 and 3). Interestingly,

FIGO stage and pathology (adenocarcinoma) were not

independent factors affecting the prognosis of locally

advanced cervical cancer patients in this study.

Analysis of factors affecting PFS
Univariate analysis and multivariate analysis were per-

formed using a Cox regression model, and determined

that FIGO stage, pathology, metastasis, and recurrence

were all significantly associated with PFS in patients

with locally advanced cervical cancer (Tables 2 and 3).

However, FIGO stage and pathology were not independent

factors affecting the prognosis of locally advanced cervical

cancer patients in this study.

Analysis of dosimetry
ANOVA test analysis of D90, D2cc of the bladder, D2cc of the

rectum, and D2cc of the sigmoid found that there were statis-

tically significant differences in D90, D2cc of the bladder,

and D2cc of the rectum among the four groups. An
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Table 1 Clinical characteristics of patients

Characteristic Group A (n=40) Group B (n=42) Group C (n=68) Group D (n=16) P

Age(years), Mean ± SD 53.55 ± 10.76 54.48 ± 7.59 53.91 ± 8.71 52.44 ± 8.71 0.418

KPS score, Mean ± SD 85 ± 10.38 84.05 ± 11.28 83.24 ± 10.57 79.38 ± 9.29 0.34

Pathology(n)

Squamous 30 34 62 15

Adenocarcinoma 9 8 5 1

Other patterns 1 0 1 0 0.000*

FIGO stage(n)

IB2 1 0 2 1

IIA2 7 4 5 2

IIB 14 31 55 10

IIIA 3 2 2 1

IIIB 15 3 3 2

IVA 0 2 1 0 0.000*

Pelvic LN metastasis(n)

Yes 13 17 27 5

No 27 25 41 11 0.001*

Volume of Bladder, Mean ± SD (cm3) 54.61 ± 22.39 132.66 ± 11.90 172.17 ± 15.14 233.23 ± 38.21 0.000*

Note: *Statistically significant.

Abbreviations: n, number; SD, standard deviation; KPS, Karnofsky’s score; FIGO, International Federation of Gynecology and Obstetrics; LN, lymph node.

Table 2 Univariate analysis of prognostic factors associated with OS and PFS in patients

Characteristic Group Overall survival Progression-free survival

HR (95% CI) P HR (95% CI) P

Age <65 vs ≥65 0.917 (0.119–7.071) 0.933 1.125 (0.262–4.827) 0.874

FIGO stage I–II vs III–IVa 4.671 (1.563–13.956) 0.006* 6.747 (2.812–16.188) 0.000*

Pathology Squamous 1 0.000* 1 0.000*

Adenocarcinoma 8.426 (2.529–28.07) 0.001* 11.162 (4.529–27.507) 0.000*

Other patterns 117.281 (19.562–703.131) 0.000* 90.56 (16.821–487.551) 0.000*

Pelvic LN metastasis Positive vs negative 0.285 (0.063–1.289) 0.103 0.343 (0.116–1.015) 0.053

Bladder volume 1 0.758 1 0.250

≥100 mL and ≤150 mL 0.611 (0.145–2.566) 0.501 0.863 (0.319–2.331) 0.771

≤200 mL 0.530 (1.40–2.005) 0.350 0.395 (0.131–1.195) 0.100

0.453 (0.053–3.890) 0.470 0.247 (0.031–1.955) 0.185

D90 (Gy) <85 vs ≥85 1.039 (0.285–3.797) 0.953 0.574 (0.240–1.376) 0.213

D2cc of Bbadder (Gy) <80 vs ≥80 1.61 (0.54–4.801) 0.393 1.253 (0.535–2.936) 0.603

D2cc of rectum (Gy) <65 vs ≥65 1.459 (0.19–11.224) 0.717 1.157 (0.270–4.956) 0.844

D2cc of sigmoid (Gy) <70 vs ≥70 0.584 (0.129–2.641) 0.485 0.668 (0.225–1.983) 0.468

Metastasis Yes vs No 18.095 (6.051–54.113) 0.000* 21.982 (9.469–51.030) 0.000*

Recurrence Yes vs No 4.465 (0.978–20.384) 0.053 12.901 (4.808–34.616) 0.000*

Note: *Statistically significant.

Abbreviations: n, number; FIGO, International Federation of Gynecology and Obstetrics; LN, lymph node; HR, hazard ratio; CI, confidence interval.
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independent-sample t-test between each group found that the

mean dose of D90 was highest in group A in comparison to

groupB (P=0.04), groupC (P=0.005), and groupD (P=0.002).

This showed a similar tendency in D2cc of the rectum: the

mean dose of D2cc of the rectum in group Awas the highest,

and there were statistically significant differences in compar-

ison to group B (P<0.001), group C (P<0.001), and group D

(P=0.025). We compared D2cc of the bladder among the four

groups in the same way and found that there were statistically

significant differences between the following groups: group A

and group D (P=0.002), group B and group D (P=0.008), and

group C and group D (P=0.021). There was no statistically

significant difference in D2cc of the sigmoid among the four

groups. Comparative dose distributions in the different groups

are presented in Table 4. The typical dose distributions of

EBRT and ICBT are shown in Figures 1 and 2.

Analysis of short-term efficacy
The objective response rate of all patients was 100%. On

analyzing results from the chi-square test, we found that

there was no statistically significant difference in the rate

of tumor and lymph node regression among the four

groups. Comparison of efficacy variables in different

groups is presented in Table 5.

Analysis of survival results
Among 166 patients included in the study, the median

follow-up time was 28 months. Thirteen patients died.

Seven patients were recurrent, including three central

recurrence (recurrent cervical cancer developing at the

vaginal apex or in the cervix in a previously irradiated

field without involving the pelvic wall18,27) and four non-

central recurrence (recurrent cervical cancer invaded the

pelvic wall muscle or blood vessels18,27). Twelve patients

presented metastasis; 5 patients with lung metastasis, 4

with bone metastasis, 2 with liver metastasis, and 1 with

multiple systemic metastases. Kaplan–Meier survival

curve analyses revealed that the average OS of these

patients was 33.40±15.16 months, with an average of

38.28±17.45 months in group A, 31.60±14.23 months in

group B, 29.51±11.74 months in group C, and 42.44

±18.42 months in group D, respectively. The average

PFS of these patients was 32.95±15.23 months, with an

average of 38.28±17.45 months in group A, 31.60±14.2

months in group B, 29.51±11.74 months in group C, and

42.44±18.42 months in group D, respectively. There was

no significant difference in long-term efficacy in these

groups (P>0.05). Comparison of long-term results in dif-

ferent groups is presented in Table 6. The OS comparison

Table 3 Multivariate analysis of prognostic factors associated with OS and PFS in patients

Characteristic Group Overall survival Progression-free survival

HR (95% CI) P HR (95% CI) P

FIGO stage I–II vs III–IVa 0.537 (0.116–2.477) 0.425 0.792 (0.258–2.429) 0.683

Pathology Squamous 1 0.000* 1 0.152

Adenocarcinoma 1.920 (0.341–10.830) 0.460 13.310 (0.430–3.993) 0.635

Other patterns 167.331 (14.868–1883.256) 0.000* 6.701 (0.964–46.592) 0.055

Metastasis Yes vs no 20.972 (2.929–150.173) 0.001* 50.900 (14.145–232.464) 0.000*

Recurrence Yes vs no / / 38.401 (8.692–169.649) 0.000*

Note: *Statistically significant.

Abbreviations: n, number; HR, hazard ratio; CI, confidence interval.

Table 4 Comparative dose distribution in different groups (Mean ± SD)

Characteristic Group A (n=40) Group B (n=42) Group C (n=68) Group D (n=16) Total (n=166) P

D90* 97.33 ± 11.27a 92.79 ± 11.28 91.75 ± 8.03 87.93 ± 9.8 92.99 ± 10.21 0.006

D2cc of bladder* 74.78 ± 13.8 76.22 ± 10.23 77.74 ± 8.75 84.75 ± 12.31b 77.32 ± 11.10 0.019

D2cc of rectum* 82.13 ± 14.36c 73.58 ± 8.69 72.79 ± 8.54 75.25 ± 8.38 75.48 ± 10.87 0.000

D2cc of sigmoid 65.98 ± 18.48 61.29 ± 12.44 61.03 ± 10.03 60.50 ± 15.27 62.23 ± 13.63 0.261

Note: *Statistically significant; aTherewere statistical differences in A and B group(P=0.04), A andC group(P=0.005),A andD group(P=0.002); bTherewere statistical difference in A and

D group(P=0.002), B and D group(P=0.008), C and D group(P=0.021); cThere were statistical difference in A and B group(P=0.000), A and C group(P=0.000), A and D group(P=0.025).
Abbreviations: n, number; SD, standard deviation.
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among the four groups is shown in Figure 3. The PFS

comparison in the different groups is shown in Figure 4.

Analysis of late radiation-induced injuries
All of the patients in the study were followed up for at least 1

year to clarify the bladder volume influence on late radiation-

induced injuries. The most common adverse events, includ-

ing late radiation-induced proctitis and cystitis, were ana-

lyzed. There was no grade 4 event observed. On analyzing

results of the rank-sum test of late radiation-induced proctitis

and cystitis, we found that there were statistically significant

differences among the four groups. The late radiation-

induced proctitis was more serious in group A in comparison

to group B (P=0.001) and group C (P<0.001). Group A also

had the highest average rank indicating the most serious late

radiation-induced injuries in the four groups. The late radia-

tion-induced cystitis was milder in group B in comparison to

group A (P=0.005) and group D (P=0.024), and group B had

the lowest average rank indicating the mildest late radiation-

induced injuries in the four groups. Late maximal toxicities

by RTOG/EORTC scoring in different groups are presented

in Table 7.

Discussion
Radiotherapy has achieved a satisfying result in the treatment

of cervical cancer, especially with the advent of novel tech-

nologies such as intensity-modulated radiation therapy, four-

dimensional CT, and image guided radiation therapy, and

many research studies have proved that new radiotherapy

techniques improve the target doses while reducing treat-

ment-related toxicity.28–31 However, acute and late radiation-

induced proctitis and cystitis are still inevitable due to the

anatomical position and physical properties of X-rays.32,33

Although radiation protectants including sulfhydryl com-

pounds, nitroxides, antioxidant compounds, and nonantioxi-

dant radioprotectors have been tried with some success,34 the

side effects and cost-effectiveness are still important consid-

erations for developing these agents.35,36 The method of

adjusting the bladder volume to change the dose of target

and OARs may be the most feasible and cost-effective

approach.

A multitude of research has shown correlation

between bladder volume and irradiated dose of OARs in

planning ICBT for cervical cancer, but most of them were

dosimetry research studies, and the influence of bladder

Figure 1 Computed tomography image showing isodose curves during external beam radiation therapy of a cervical cancer patient.

Figure 2 Computed tomography image showing isodose curves during intracavitary brachytherapy of a cervical cancer patient.
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volume for OARs seems to be different. Kim et al37

investigated the effects of bladder distension on OARs

in the image-based planning of ICBT for 13 patients with

cervical cancer, and found that an increase in bladder

volume resulted in a significant reduction in bowel

D2cc values at the expense of an increase in bladder

D2cc values. Moreover, Nesseler et al38 investigated the

point doses for OARs between an empty bladder and a

full bladder (100 mL), and found that a negative correla-

tion was seen between the difference in the small bowel

D2cc but no differences were noted in the rectum and

sigmoid colon. On the contrary, a meta-analysis39

researched the effects of different status of the bladder

on dosimetry to normal tissue in brachytherapy of cervix

cancer; six studies including 135 patients were involved,

and the results suggested that the dose distribution to the

bladder and small bowel in a filled bladder state were

lower than those in an empty bladder state, and the results

for the sigmoid colon and rectum were just the opposite.

Consequently, in radiotherapy of cervical cancer, which

OARs were affected by bladder volume and how this

worked are still controversial.

For image-based treatment planning in cervical can-

cer, absolute volumes of 0.1 or 2 cm3 or relative volumes

of 5% of the contoured OARs were evaluated as the “hot

spot”. The gynecological GECT ESTRO working group

for image-guided brachytherapy designated the D2cc

value as the surrogate for a “hot spot” of OARs.19 It

was suspected that radiation-induced injury was likely

caused by a hot spot in the irradiated volume.

Therefore, treatment with an appropriate distended blad-

der may result in a significant reduction in radiation

exposure to a large part of the bladder, which will be

more beneficial than an empty bladder in HDR bra-

chytherapy. In this study, we found that the dose distribu-

tion of the tumor and OARs was significantly affected by

the bladder volume. D90 decreased with an increase of

bladder volume, D2cc of the bladder increased with an

increase of bladder volume, and there was no significantT
ab

le
5
C
o
m
p
ar
is
o
n
o
f
p
ri
m
ar
y
e
ffi
ca
cy

va
ri
ab
le
s
in

d
if
fe
re
n
t
gr
o
u
p
s

G
ro

u
p

N
O
R
R

(%
)

T
u
m
o
r
ef
fi
ca

cy
as
se
ss
m
en

t*
O
R
R

(%
)

L
ym

p
h
n
o
d
e
ef
fi
ca

cy
as
se
ss
m
en

t*

C
R

%
P
R

%
S
D

%
P
D

%
C
R

%
P
R

%
S
D

%
P
D

%

G
ro
u
p
A

4
0

1
0
0
%

3
8

9
5
%

2
5
%

0
0
%

0
0
%

1
0
0
%

1
3

1
0
0

0
0
%

0
0
%

0
0
%

G
ro
u
p
B

4
2

1
0
0
%

4
1

9
7
.6
2
%

1
2
.3
8
%

0
0
%

0
0
%

1
0
0
%

1
7

1
0
0

0
0
%

0
0
%

0
0
%

G
ro
u
p
C

6
8

1
0
0
%

6
2

9
1
.1
8
%

6
8
.8
2
%

0
0
%

0
0
%

1
0
0
%

2
7

1
0
0

0
0
%

0
0
%

0
0
%

G
ro
u
p
D

1
6

1
0
0
%

1
5

9
3
.7
5
%

1
6
.2
5
%

0
0
%

0
0
%

1
0
0
%

5
1
0
0

0
0
%

0
0
%

0
0
%

N
o
te
:
R
e
d
u
ct
io
n
in

th
e
si
ze

o
f
tu
m
o
r
an
d
ly
m
p
h
n
o
d
e
le
si
o
n
fo
llo
w
e
d
b
y
F
is
h
e
r’
s
le
as
t
si
gn
ifi
ca
n
t
d
if
fe
re
n
ce

(L
S
D
)
te
st
.
*P
>
0
.0
5
.

A
b
b
re
vi
at
io
n
s:

n
,
n
u
m
b
e
r;
O
R
R
,
o
b
je
ct
iv
e
re
m
is
si
o
n
ra
te
;
C
R
,
co
m
p
le
te

re
m
is
si
o
n
;
P
R
,
p
ar
ti
al
re
sp
o
n
se
;
S
D
,
st
ab
le

d
is
e
as
e
;
P
D
,
p
ro
gr
e
ss
io
n
d
is
e
as
e
.

Table 6 Comparison of long-term results in different groups

Group N Dead Metastasis Recurrent

Group A 40 5 4 3

Group B 42 3 3 3

Group C 68 4 4 1

Group D 16 1 1 0

Note: There was no significant statistical difference among four groups in OS and

PFS by Log Rank (Mantel-Cox) test. P>0.05.
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effect on D2cc of the sigmoid. Interestingly, with bladder

volume <100 mL or >200 mL, the D2cc of the rectum

was higher than in the other groups. We presumed that

this was correlation with the anatomy position of each

OAR. The excessive bladder volume forced more bladder

tissue into the target area and closer to the high-dose area,

leading to higher dose distribution. The rectum is behind

the cervix, so the larger the bladder, the more it is pushed

away from the target; but if the bladder volume is too

much larger, the implant system will displace seriously

and the dose of the rectum will be higher. Similarly, the

location between the sigmoid and the bladder was
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Figure 3 Overall survival comparison of the four groups (38.28±17.45 months in group A, 31.60±14.23 months in group B, 29.51±11.74 months in group C, and 42.44

±18.42 months in group D; P>0.05).
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Figure 4 Progression-free survival comparison of the four groups (38.28±17.45 months in group A, 31.60±14.2 months in group B, 29.51±11.74 months in group C, and

42.44±18.42 months in group D; P>0.05).
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relatively distant so its dose was not affected by the

bladder volume.

Theoretically, the higher the dose of target, the better

the tumor control effect will be, but with increasing D90

the dose for OARs will also increase.40 Therefore, in

clinical practice, on the premise of tumor control, the

protection of OARs should also be considered. In our

research, the mean doses of D90 in the four groups were

all higher than 85 Gy, which already achieved the radical

dose of radiotherapy for locally advanced cervical cancer

recommended by the National Comprehensive Cancer

Network,18 indicating that there was no impact for cervical

cancer local control. The results of the Cox regression

model and analysis of short-term efficacy (recession of

tumor and lymph node) and the survival results (OS,

PFS) in the four groups (P>0.05) also proved this.

Univariate analysis and multivariate analysis found that

FIGO stage and pathology (adenocarcinoma) were not

independent factors affecting the prognosis of locally

advanced cervical cancer patients in this study, which

was different from the generally known. We consider the

following reasons: firstly, the included patients were

locally advanced patients, and in order to observe the

radiation-induced side effects we excluded the stage IIIB

patients with edema of the renal pelvis. Benefiting from

the progress of chemoradiotherapy, the overall treatment

effect of these patients was not significantly different.

Secondly, the number of nonsquamous cell carcinoma

patients was smaller than the squamous patients (21 vs

145) and the follow-up time was not long enough, which

might cause these statistical results. Therefore, we should

be cautious with these results.

In this study, only proctitis and cystitis were analyzed

in the late radiation-induced injuries, because the effects of

dose and function on the rectum and bladder caused by

changes in bladder volume are relatively common.41 It

was reported that the incidence of proctitis and cystitis

was 20–80% and 6–20%, respectively.42–45 In our

research, the incidence of proctitis and cystitis was

27.1% and15.67%, respectively, and no grade 4 event

was observed, that mostly depended on the effect of

advanced radiotherapy technology. Statistical results

showed that the mean rank of late radiation-induced proc-

titis and cystitis in each group present the same trend:

group A>group D>group C>group B. For proctitis, this

is consistent with the trend for D2cc of the rectum.

However, for cystitis, this had no specific correlation

with D2cc of the bladder. We speculated that within a

certain dose range, the increase of bladder dose was not

linearly correlated with the occurrence of side effects, and

the occurrence of cystitis may be affected by a variety of

factors. In addition, it took a long time to observe cystitis

and the large time span of included cases also was an

important interfering factor.

From what has been discussed, adjusting the volume of

bladder filling may be an effective, reliable, and economical

way to reduce radiation-induced proctitis and cystitis for cer-

vical cancer during radiotherapy, and a range of 100–150mL is

suggested. However, some limitations of this study should be

emphasized. Firstly, this was a retrospective study grouping by

bladder volume range, it cannot be precise enough, the number

of cases was small, and the characteristics of fully eligible

patients were not similar in the four groups. Secondly, in

order to clarify the late radiation-induced injuries, only patients

with a follow-up time of more than 1 year were included and

there was a selection bias, which may have some influence on

the research results. Despite the limitations of this study, the

number of cases included was still larger than other studies,

and it showed a positive result for protection of OARs and

might indicate a certain volume range for further research

studies. Meantime, with the limitations mentioned, it is neces-

sary to follow-up the patients and report the update results in

time. In addition, well-designed prospective clinical trials with

a large number of patients are needed.

Table 7 Late maximal toxicities by RTOG/EORTC scoring in different groups

Group N Bladder*, a Rectum*, b

Mean Rank 0 1 2 3 4 Mean Rank 0 1 2 3 4

Group A 40 93.55 29 5 6 0 0 105.23 19 9 7 5 0

Group B 42 74.46 40 1 1 0 0 74.52 35 3 4 0 0

Group C 68 81.24 59 6 3 0 0 76.58 55 6 6 1 0

Group D 16 91.69 12 2 1 1 0 82.16 12 1 3 0 0

Note: *Statistically significant. aThere were statistical difference in A and B group(P=0.005), B and D group(P=0.024); bThere were statistical difference in A and B group

(P=0.001), A and C group(P=0.000).
Abbreviation: n, number.
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Conclusion
Bladder volume significantly affected the dose of the target,

rectum, and bladder, but had no significant effect on the sig-

moid. Because of the advantage of dose distribution (including

dose of target and OARs) and the lowest rate of late radiation-

induced proctitis and cystitis, the optimum bladder volume

range is 100–150 mL for cervical cancer in radiotherapy.

Further research is needed to determine whether patients with

locally advanced cervical cancer would benefit from this blad-

der volume range, and whether it would alleviate acute radia-

tion-induced injuries and other late radiation-induced

complications.
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