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Introduction 

Cervical cancer remains a significant public health issue globally, particularly in low- and 

middle-income countries (LMICs) where organized screening and vaccination programs are 

still evolving. According to GLOBOCAN 2020, cervical cancer is the fourth most common 

cancer among women worldwide, with an estimated 604,000 new cases and 342,000 deaths 

annually. In India alone, it accounts for approximately 18.3% of all female cancers, ranking 

second only to breast cancer in prevalence[1]. 

The standard of care for locally advanced cervical cancer (FIGO stages IB2–IIIB) includes 

definitive chemoradiation, comprising external beam radiotherapy (EBRT) and intracavitary 

brachytherapy. However, accurate radiation delivery in pelvic malignancies is challenged by 
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anatomical variations, especially in bladder and bowel filling, which can impact target 

coverage and dose received by organs at risk (OARs)[2]. 

The urinary bladder, due to its proximity to the cervix, significantly influences the spatial 

orientation of pelvic organs. A consistently full bladder displaces the small bowel superiorly, 

thereby reducing its exposure to high-dose regions. Additionally, it contributes to 

reproducibility in pelvic geometry between fractions, optimizing planning target volume 

(PTV) coverage while minimizing toxicity to surrounding structures like the bladder, rectum, 

and bowel[3,4]. 

Despite theoretical benefits, maintaining consistent bladder filling during the radiotherapy 

course is practically challenging due to inter-patient and intra-patient variability in hydration, 

voiding intervals, and compliance with fluid intake instructions. Hence, understanding how 

compliance to bladder protocols translates into measurable clinical and dosimetric 

improvements is critical for refining radiotherapy workflows[5]. 

Previous dosimetric studies have highlighted the relationship between bladder volume and 

radiation exposure to OARs. Zhang et al. demonstrated that variations in bladder filling led to 

significant shifts in the cervix and uterus, altering dose delivery and potentially 

compromising tumor control[6]. Similarly, Barraclough et al. reported that poor bladder filling 

reproducibility was associated with increased rectal dose and higher rates of gastrointestinal 

toxicity[7]. 

In clinical settings, protocols such as drinking 500–750 mL of water 30–45 minutes prior to 

treatment have been recommended, but their implementation varies widely. Studies assessing 

the real-world impact of such protocols on outcomes, particularly in Indian populations, 

remain limited. 

Given the lack of consistent implementation of bladder filling protocols in routine practice, 

and the limited Indian data assessing their real-world impact on dosimetry and clinical 

outcomes, this prospective observational study was conducted. It aims to quantify the level of 

compliance with a standardized bladder protocol and evaluate its effect on treatment planning 

parameters, radiation exposure to OARs, and short-term outcomes in patients with carcinoma 

cervix undergoing radiotherapy. Understanding this relationship will guide the integration of 

practical bladder management strategies in radiotherapy departments, especially in high-

volume public hospitals, to enhance treatment precision, reduce toxicity, and potentially 

improve tumor control. 
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Aim and objectives 

Aim 

To assess the compliance with bladder filling protocol and to evaluate its influence on 

treatment planning parameters and short-term clinical outcomes in patients undergoing 

radiotherapy for carcinoma of the cervix. 

Objectives 

1. To determine the level of adherence to a standardized bladder filling protocol during 

the course of radiotherapy in patients with cervical cancer. 

2. To evaluate the impact of bladder volume consistency on target volume coverage, 

radiation dose to surrounding organs, and treatment-related toxicities and outcomes. 

Materials and methods 

Study Design and Setting 

This was a prospective observational study conducted over a period of 12 months at the 

Department of Radiation Oncology in a tertiary care teaching hospital. 

Study Population 

A total of 30 patients with histologically confirmed carcinoma of the cervix, stages FIGO IB2 

to IIIB, scheduled to undergo curative external beam radiotherapy (EBRT) with or without 

concurrent chemotherapy were enrolled. Informed consent was obtained from all participants. 

Inclusion Criteria 

 Age between 30 and 65 years 

 Histopathologically confirmed carcinoma cervix 

 Planned for curative EBRT with or without brachytherapy 

 ECOG performance status ≤2 

 Willingness to comply with bladder protocol and attend scheduled imaging sessions 

Exclusion Criteria 

 Patients with prior pelvic radiotherapy. 

 History of bladder pathology (e.g., cystitis, neurogenic bladder). 
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 Inability to follow bladder filling instructions due to medical or cognitive reasons. 

 Patients with renal failure or severe hydration issues. 

Bladder Protocol Implementation 

Patients were instructed to void the bladder and then consume 500–750 mL of water 30–45 

minutes before each radiotherapy session. The optimal bladder volume was defined as 250–

400 mL. Compliance with the protocol was monitored using bladder volume assessment 

during planning CT and weekly CT scans during treatment. 

Assessment of Bladder Volume Bladder volume was assessed using CT simulation. The 

bladder was contoured as an organ at risk (OAR), and volumes were calculated from the 

planning system. Weekly repeat CTs were used to monitor inter-fractional bladder volume 

consistency. 

Compliance Categorization 

 Good Compliance: ≥80% sessions with bladder volume in the optimal range (250–

400 mL) 

 Moderate Compliance: 50–79% sessions in range 

 Poor Compliance: <50% sessions in range 

Treatment Planning and Delivery 

All patients underwent a planning CT scan in the supine position with full bladder. Target 

volumes including GTV, CTV, and PTV, along with OARs such as the bladder, rectum, and 

bowel, were contoured according to RTOG guidelines. IMRT or 3D-CRT techniques were 

used for EBRT delivery, with institutional dose constraints applied to all OARs. 

Outcome Assessment 

 Dosimetric Parameters: Mean dose to bladder, rectum, bowel, and PTV coverage 

were compared between compliance groups. 

 Clinical Outcomes: Acute toxicities were graded per RTOG criteria. Response assessment 

was done at 6 weeks and 6 months post-treatment using clinical examination and imaging 
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(MRI/pelvic ultrasound). However, the bladder protocol was primarily assessed for its impact 

on dosimetric precision and toxicity reduction, not tumor response. 

 Statistical Analysis: Descriptive statistics were used for demographic and clinical 

parameters. Comparisons were made using chi-square test, unpaired t-test, and 

ANOVA, with p < 0.05 considered statistically significant. 

 

Results 

Table 1: Baseline Demographic and Clinical Characteristics of Study Participants (n = 

30) 

Variable Value 

Age (mean ± SD) 48.2 ± 7.6 years 

Stage of Carcinoma Cervix  

- Stage IB2 3 (10%) 

- Stage IIA 10 (33.3%) 

- Stage IIB 11 (36.7%) 

- Stage IIIA/IIIB 6 (20%) 

Histological Type  

- Squamous Cell Carcinoma 24 (80%) 

- Adenocarcinoma 6 (20%) 

Mean Bladder Volume (pre-RT) 110 ± 35 mL 

 

Table 2: Bladder Protocol Compliance During Radiotherapy 

Parameter Number of Patients (%) 

Good Compliance (≥80% sessions within 250-400mL) 20 (66.7%) 

Moderate Compliance (50–79% sessions in range) 7 (23.3%) 

Poor Compliance (<50% sessions in range) 3 (10%) 

Mean Bladder Volume During RT 320 ± 45 mL 
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Parameter Number of Patients (%) 

Number of Protocol Deviations 5 ± 2 per patient 

 

Table 3: Impact of Bladder Filling on Target Volume and Dose Parameters 

Parameter 
Good Compliance 

(n=20) 

Poor/Moderate Compliance 

(n=10) 

p-

value 

Mean PTV Volume 

(cm³) 
950 ± 85 1030 ± 95 0.021 

Bladder V40 (%) 65.2 ± 8.1 78.5 ± 6.2 0.003 

Rectum V40 (%) 58.6 ± 7.2 67.3 ± 8.7 0.014 

Mean Dose to Bladder 

(Gy) 
39.8 ± 4.3 45.5 ± 3.8 0.008 

 

Table 4: Acute Toxicities Observed During Radiotherapy 

Toxicity Type Grade 1–2 Grade 3 Total (%) 

Gastrointestinal (GI) 15 (50%) 2 (6.7%) 17 (56.7%) 

Genitourinary (GU) 12 (40%) 1 (3.3%) 13 (43.3%) 

Skin 10 (33.3%) 0 10 (33.3%) 

 

Table 5: Clinical Outcome at 6-Month Follow-Up 

Outcome Parameter 
Good Compliance 

(n=20) 

Poor/Moderate Compliance 

(n=10) 

p-

value 

Complete Response 18 (90%) 6 (60%) 0.041 

Partial Response 2 (10%) 3 (30%)  

Stable/Progressive 

Disease 
0 1 (10%)  
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Outcome Parameter 
Good Compliance 

(n=20) 

Poor/Moderate Compliance 

(n=10) 

p-

value 

Local Control Rate (%) 95% 75%  

 

Discussion 

This prospective observational study evaluated the compliance to a standardized bladder 

filling protocol and its impact on treatment planning and short-term outcomes in patients 

undergoing radiotherapy for carcinoma cervix. The results underline the importance of 

bladder volume consistency in optimizing radiation delivery, reducing dose to organs at risk 

(OARs), and enhancing clinical outcomes. 

Compliance to Bladder Protocol 

In our study, 66.7% of patients achieved good compliance with the bladder protocol, defined 

as having ≥80% of treatment sessions with bladder volumes in the optimal range (250–400 

mL). This is comparable to the findings of Lim et al., who reported approximately 70% 

compliance with bladder filling protocols among patients undergoing pelvic radiotherapy for 

gynecologic cancers when given standardized fluid intake instructions and education[4]. 

Ding et al. also emphasized that consistent bladder filling improves the reproducibility of 

pelvic anatomy during radiotherapy, especially when utilizing image-guided techniques[8]. 

Our study reinforces the feasibility of maintaining compliance in a real-world tertiary care 

setting, with appropriate patient counseling and monitoring. 

Impact on Dosimetric Parameters 

Patients with good compliance demonstrated significantly lower bladder V40 values (65.2%) 

compared to those with poor/moderate compliance (78.5%), with a p-value of 0.003. This 

finding aligns with the study by Patil et al., which found that a full bladder resulted in a 

significant reduction in radiation dose to the bladder and rectum during intensity-modulated 

radiotherapy (IMRT) for cervical cancer[9]. 

Similarly, our study showed lower rectum V40 values (58.6% vs. 67.3%; p = 0.014) in the 

good compliance group. These results corroborate those reported by Bin et al., who 

demonstrated that larger bladder volumes displace the rectum posteriorly and reduce rectal 

radiation exposure during brachytherapy and EBRT planning[10]. 
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The improved PTV conformity observed in the good compliance group (950 cm³ vs. 1030 

cm³; p = 0.021) is consistent with the findings by Lim et al., who showed that inter-fractional 

variations in bladder volume could lead to significant displacement of the cervix and uterus, 

affecting target coverage[4]. 

Mean Bladder Dose 

We found a statistically significant reduction in the mean bladder dose in the good 

compliance group (39.8 Gy vs. 45.5 Gy; p = 0.008). Barraclough et al. observed similar 

trends in their analysis of prostate cancer patients, showing that variability in bladder filling 

correlated with increased mean bladder doses and higher genitourinary toxicity[7]. While the 

anatomical implications differ between genders, the dosimetric principles apply similarly to 

pelvic radiotherapy. 

Acute Toxicity 

Acute gastrointestinal (GI) toxicity occurred in 56.7% of patients, while genitourinary (GU) 

toxicity was reported in 43.3%. Notably, most toxicities were of Grade 1–2 severity. These 

findings are in line with data from Toita et al., who reported acute GI and GU toxicity rates of 

40–60% in cervical cancer patients receiving concurrent chemoradiation, with higher rates 

observed in those with inconsistent bladder volumes[11]. 

Our findings support the hypothesis that consistent bladder filling reduces radiation exposure 

to the bowel and bladder, potentially mitigating acute toxicity. This effect is echoed by the 

work of Schoeppel  et al.[12], who reported decreased acute side effects in patients who 

maintained reproducible bladder volumes throughout treatment. 

Clinical Outcomes and Tumor Response 

At 6 months post-treatment, the complete response (CR) rate was significantly higher in 

patients with good compliance (90%) compared to those with poor/moderate compliance 

(60%; p = 0.041). Though the bladder filling protocol is primarily designed to optimize dose 

distribution rather than improve tumor response directly, these findings suggest that better 

anatomical reproducibility may indirectly enhance tumor control by ensuring accurate dose 

delivery. 
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These results align with Viswanathan et al., who reported improved local control and fewer 

recurrences in patients with better image-guided adaptive radiotherapy planning—often 

supported by consistent organ filling protocols[2]. 

 

Conclusion 

This study highlights the critical role of bladder protocol compliance in optimizing 

radiotherapy outcomes for patients with carcinoma cervix. Patients who maintained 

consistent bladder volumes throughout treatment demonstrated better target coverage, 

reduced radiation exposure to surrounding organs, and significantly improved local control 

rates. The implementation of a standardized bladder filling protocol not only enhances 

dosimetric precision but also contributes to reduced treatment-related toxicities. Therefore, 

strict adherence to bladder protocols should be emphasized in routine clinical practice to 

improve both the efficacy and safety of pelvic radiotherapy in cervical cancer patients. 
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