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Abstract 
Purpose: To evaluate dosimetric differences between point-based 2-dimensional (2D) vaginal brachytherapy (VBT) 

treatment planning technique and volume-based 3-dimensional (3D) VBT method for endometrial cancer (EC). 
Material and methods: Ten patients with uterine-confined EC treated with VBT were included in this study. All 

patients received 27.5 Gy in 5 fractions. Three different treatment plans were performed for each patient: plan A for 
dose prescribed to the entire vaginal wall thickness delineated via computed tomography guidance, plan B for dose 
prescribed to the vaginal mucosa/cylinder surface, and plan C for dose prescribed to 5 mm beyond the vaginal muco-
sa/cylinder surface. Dose-volume histograms (DVH) of treatment volumes and organs at risk (OARs) were evaluated 
and compared. 

Results: DVH analysis of target volume doses (D100, D95, and D90) showed a significant difference between plan A 
and plan B (p = 0.005), and plan B was found lower. D100 for plan C was significantly higher than plan A (p = 0.009), but 
for D95 and D90, no statistically significant difference was found (p = 0.028 and p = 0.028, respectively). In terms of OARs 
doses, including vagina, rectum, bladder, and sigmoid, D2cm3 doses were significantly higher in plan A than plan B  
(p = 0.009, p = 0.009, p = 0.005, and p = 0.005, respectively). All these doses were also significantly lower than in plan C 
(p = 0.005, p = 0.012, and p = 0.013, respectively), except for sigmoid (p = 0.155). 

Conclusions: In this dosimetric analysis, we have shown that the volume-based 3D VBT technique provides the 
ability to balance the target dose against the sparing of OARs. Therefore, in the new modern 3D treatment era, instead 
of normalization of the dose to standard reference points, customized 3D volume-based VBT planning should be rec-
ommended. 
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Purpose 
Endometrial cancer (EC) is the most common gyne-

cological cancer in post-menopausal women worldwide, 
and its incidence is increasing [1]. Primary treatment 
includes total hysterectomy (TH) and bilateral salphin-
gooopherectomy (BSO) with or without lymph node dis-
section. Adjuvant radiotherapy (RT) is generally reserved 
for patients with high recurrence risk factors. These risk 
factors include age > 60 years, grade 3 histology, ≥ 50% 
myometrial invasion (MI), lymphovascular space inva-
sion (LVSI), non-endometrioid tumor histology, lymph 
node metastases, and tumor extension into cervix or va-
gina [2,3,4]. Seventy percent of EC patients are diagnosed 

with International Federation of Gynecology and Obstet-
rics (FIGO) stage I disease, and are assigned into inter-
mediate-risk (IR) or high-intermediate-risk (HIR) groups, 
when they are with either grade 3 histology or LVSI or  
≥ 50% MI [2,5]. Several prospective trials showed that 
VBT produced similar oncological outcomes compared 
to external pelvic RT, but with significantly less toxicity 
in patients with uterine-confined disease [6,7]. 

Traditionally, brachytherapy (BT) was performed 
using 2-dimensional (2D) point-based technique. How-
ever, based on the current development of computer 
science, 3-dimensional (3D) volume-based image-guided 
brachytherapy (IGBT) is the preferred technique, espe-
cially in patients with locally advanced cervical cancer [8].  

Address for correspondence: Melis Gultekin, MD, Department of Radiation Oncology,  
Faculty of Medicine, Hacettepe University, 06100 Ankara, Turkey, phone: +90-312-3052900,  
fax: +90-312-3092914,  e-mail: melisbahadir@yahoo.com 

Received: 01.05.2020 
Accepted: 01.09.2020
Published: 16.12.2020

https://pubmed.ncbi.nlm.nih.gov/31912902/
https://pubmed.ncbi.nlm.nih.gov/26634381/
https://pubmed.ncbi.nlm.nih.gov/24766678/
https://pubmed.ncbi.nlm.nih.gov/26150442/
https://pubmed.ncbi.nlm.nih.gov/26634381/
https://pubmed.ncbi.nlm.nih.gov/19367689/
https://pubmed.ncbi.nlm.nih.gov/6693055/
https://pubmed.ncbi.nlm.nih.gov/20206777/
https://pubmed.ncbi.nlm.nih.gov/15763303/
mailto:melisbahadir@yahoo.com


Journal of Contemporary Brachytherapy (2020/volume 12/number 6)

Melis Gultekin, Melek Tugce Yilmaz, Fatih Biltekin, et al.602

With this 3D technique, target volume and organs at risk 
(OARs) are better defined when compared to 2D con-
ventional BT, which leads to similar target coverage but 
significant reduction in OARs doses [9,10,11,12]. Even 
though there are several guidelines for IGBT planning 
in cervical cancer, recommendations for 3D vaginal BT 
(VBT) in terms of contouring, planning parameters, and 
dose constraints in EC are limited [13,14,15,16]. Recent-
ly,  the American Brachytherapy Society (ABS) published 
a guideline for the use of adjuvant VBT after TH in pa-
tients with EC [15]. However, the treatment recommen-
dations in this guideline mainly included the classical 
point-based approach of 2D era. In this study, we aimed 
to compare historical point-based 2D VBT treatment 
planning technique, in which the dose was prescribed to 
the vaginal surface or to the 5 mm deep from the vaginal 
mucosa with volume-based 3D VBT technique, where the 
dose was prescribed to the entire vaginal wall thickness, 
according to patients’ anatomy. 

Material and methods 
Patients 

In this study, 10 patients with uterine-confined EC 
who were treated between August 2018 and October 2018 
at Hacettepe University, Department of Radiation Oncol-
ogy were included. This study was approved by local 
institutional review board. The median age of the entire 
cohort was 60.5 years (range, 53-71 years). All patients 
were diagnosed with intermediate-risk disease, including 
stage IB, grade 1-2, endometrioid type EC without LVSI 
after surgery, and received adjuvant VBT only. A gyne-
cological examination was done before the treatment to 
ensure that the patient’s vaginal vault healing was com-
pleted. Radiotherapy was performed at least 4 weeks 
after surgery. All patients were treated with high-dose-
rate (HDR) intracavitary brachytherapy, with a comput-
ed tomography (CT)-compatible single, central channel 

vaginal cylinder. During the gynecological examination, 
a suitable vaginal cylinder diameter (between 3-3.5 cm) 
was selected in accordance with the anatomy of patient’s 
vagina. After the application of vaginal cylinder with 
a lubricant, patients underwent CT scan using Toshiba 
Aquilion LB CT Simulator (Toshiba Medical Systems, 
Otowara, Japan). All patients were requested to empty 
their bladder and rectum before CT scan. As a CT sim-
ulation protocol, 100-120 kVp tube voltage, 300-350 mAs  
current value, and 2.5 mm slice thickness were used. Af-
ter simulation processes, CT images were transferred to 
BrachyVisionTM treatment planning system (TPS) ver-
sion 8.9 (Varian Medical Systems, Palo Alto, CA, USA) 
via digital imaging and communication in medicine  
(DICOM) connection. 

Treatment planning 

For the 3D VBT, proximal 3.5 cm of the vagina includ-
ing the entire thickness of vaginal wall was contoured 
as clinical target volume (CTV) by a single physician. 
Bladder, rectum, sigmoid colon, small bowel, and the 
remaining vagina were also delineated as OARs [17,18]. 
A dose of 27.5 Gy in 5 fractions was prescribed. The goal 
of 3D treatment planning was that 95% of the CTV re-
ceived at least 95% of the prescribed dose, and 100% of 
the CTV received at least 90% of the prescribed dose 
(plan A). In plan A, dose shaper tool and dwell control 
window available in BrachyVisionTM TPS were used to 
obtain an optimum dose distribution, and volume pre-
scription was performed to achieve similar dose distribu-
tion for all cases. Additionally, two different point-based 
treatment plans were performed with the dose specified 
at either vaginal mucosa/cylinder surface (plan B) or  
5 mm beyond (plan C), according to the ABS recommen-
dations (2D VBT). Geometrical optimization tool was 
used to prescribe the dose to the reference points for de-
fined target length for each patient (Figure 1) [15]. For 
dosimetric comparison of treatment plans, median, mini-

Fig. 1. Computed tomography images of different treatment plans with isodoses. A) Axial and sagittal sections for plan A,  
B) axial and sagittal sections for plan B, C) axial and sagittal sections for plan C
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mum, and maximum doses received by 100% of the CTV 
(D100), 95% of the CTV (D95), and 90% of the CTV (D90) 
and the minimum dose received in most exposed 2 cm3 
of OARs (D2cm3) were noted. HDR VBT was performed 
with 192Ir using GammaMed Plus iX brachytherapy unit 
(Varian Medical Systems, Palo Alto, CA, USA). 

Statistical analyses 

Descriptive statistics were presented using median, 
minimum, and maximum values. Three different VBT 
plans were compared using Friedman’s non-paramet-
ric analysis of variance test, and Wilcoxon test was used 
for post-hoc pairwise comparisons with Bonferroni cor-
rection. All the reported p values were two-sided, and 
a p-value of < 0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS 23.0 soft-
ware (IBM Inc., Armonk, NY, USA). 

Results 
Treatment volumes 

The median, minimum, and maximum values of 
D100, D95, and D90 of CTV are shown in Table 1. The me-
dian D100 was 439.5 cGy (range, 248-457 cGy) in plan A,  
312.5 cGy (range, 180-355 cGy) in plan B, and 484.5 cGy 
(range, 250-529 cGy) in plan C. The median D95 was  
553 cGy (range, 550-559 cGy) in plan A, 398.5 cGy  
(range, 353-450 cGy) in plan B, and 594.5 cGy in plan C 
(range, 530-663 cGy). Finally, the median D90 was 595 cGy 
(range, 591-649 cGy) in plan A, 429 cGy (range, 393-489 cGy)  
in plan B, and 640.5 cGy in plan C (range, 586-720 cGy). 

The comparisons of the target volumes between 
plans revealed that D100 (p < 0.01), D95 (p < 0.01), and D90  
(p < 0.01) were all significantly different between plans A, 
B, and C. When the plan A was considered as a reference 
category, the values of target volumes were significantly 
lower in plan B (p = 0.005 for D100, p = 0.005 for D95, and 
p = 0.007 for D90). 

In plan C, the target volume doses were statistical-
ly significantly higher for D100 than plan A (p = 0.009), 
whereas for D95 and D90, there was a trend toward statis-
tical significance (p = 0.028 and p = 0.028, respectively). 

In addition, since dose normalization was performed 
at a constant depth in plans B and C, the D95 values of  
10 patients ranged from 353 cGy to 450 cGy in plan B, and 
530 cGy to 663 cGy in plan C on a wide scale. However, in 
plan A, the D95 values varied in the range of 550-559 cGy, 
and D95 values for CTVs were found equal to or greater 
than 550 cGy in all patients. 

Organs at risk 

Dose details received by 2 cm3 of the OARs are shown 
in Table 2. In plan A, vaginal D2cm3 values were signifi-
cantly higher compared to plan B (p = 0.009), but signifi-
cantly lower than plan C (p = 0.005). Again, D2cm3 values 
of the rectum were significantly higher in plan A com-
pared to plan B (p = 0.009), but there were significantly 
lower than in plan C (p = 0.012). Similarly, bladder D2cm3 
values were significantly higher in plan A than plan B  

(p = 0.005), but these doses were significantly lower than 
in plan C (p = 0.013). Lastly, in plan A, sigmoid D2cm3 val-
ues were significantly higher than plan B (p = 0.005). There 
was no statistically significant difference for doses re-
ceived by sigmoid between plan A and plan C (p = 0.155). 

Discussion 
Patients with stage I EC have a 5-year overall survival 

rates of more than 90% [19]. Due to long-term survival 

Table 1. Median, minimum, and maximum values 
of the CTVs (D100, D95, and D90) 

Parameter Median Minimum Maximum P-value* 

D100 (cGy) < 0.01 

Plan A 439.5 248 457 

Plan B 312.5 180 355 0.005 

Plan C 484.5 250 529 0.009 

D95 (cGy) < 0.01 

Plan A 553 550 559 

Plan B 398.5 353 450 0.005 

Plan C 594.5 530 663 0.028 

D90 (cGy) < 0.01 

Plan A 595 591 649 

Plan B 429 393 489 0.007 

Plan C 640.5 586 720 0.028 

*P-value of Friedman’s statistics for D100, D95, and D90, post-hoc p-values of plan B  
and C comparisons with reference plan A 

Table 2. The dose received by 2 cm3 of the vagina,  
rectum, bladder, and sigmoid colon 

Parameter Median Mini-
mum 

Maxi-
mum 

P-value* 

Vaginal D2cm3 (cGy) 0.002 

Plan A 369 324 458 

Plan B 320.5 260 350 0.009 

Plan C 519.5 411 714 0.005 

Rectal D2cm3 (cGy) 0.001 

Plan A 374.5 230 483 

Plan B 293 216 455 0.009 

Plan C 437 330 519 0.012 

Bladder D2cm3 (cGy) < 0.01 

Plan A 467.5 391 543 

Plan B 344.5 299 406 0.005 

Plan C 519.5 449 555 0.013 

Sigmoid colon D2cm3 (cGy) 0.001 

Plan A 199 48 277 

Plan B 145 31 216 0.005 

Plan C 197.5 48 232 0.155 

*P-value of Friedman’s statistics for vaginal D2cm3, rectal D2cm3, bladder D2cm3, 
sigmoid colon D2cm3, post-hoc p-values of plan B and C comparisons with ref-
erence plan A
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rates, emphasis should be placed on minimizing treat-
ment-related side effects that may compromise patients’ 
quality of life (QOL). In external pelvic RT, QOL analyzed 
in post-operative radiation therapy in endometrial carci-
noma (PORTEC)-1 trial have shown that 20% of patients 
suffer from late gastrointestinal (GI) and genitourinary 
(GU) side effects [20,21]. Compared to external pelvic RT, 
VBT allows for higher doses to the vaginal mucosa, while 
providing greater protection for surrounding OARs. In 
PORTEC-2 trial, VBT alone had been demonstrated as 
effective as external pelvic RT in preventing vaginal re-
currence without survival rate difference, and these pa-
tients with VBT alone had superior outcomes, especially 
regarding diarrhea, fecal incontinence, and social func-
tioning [7,22]. However, in this study, despite the reduc-
tion of GI toxicity, grade 1-3 vaginal toxicity increased 
in the VBT arm compared to the external pelvic RT arm 
(36.6% vs. 17.7%, p < 0.05). Although it is less common 
than external pelvic RT, severe toxicity rates were report-
ed to be in a range of 0-5.2% with VBT, which included 
vaginal stenosis, vaginal necrosis, rectovaginal fistula, 
and urethral stricture [23]. In this respect, volume-based 
3D VBT treatment planning can provide an advantage by 
decreasing the OARs doses when comparing historical 
point-based 2D VBT, and can minimize higher doses in 
the vagina, especially in parts with a low-risk for disease 
recurrence. Additionally, target volume can be contoured 
3-dimensionally, and customized treatment plans can 
be prepared in accordance with patients’ anatomy. Al-
though this advantage was demonstrated in cervical can-
cer IGBT, there is no clear data on this issue in EC [24,25]. 

Currently, it is a common practice to prescribe a dose 
to a depth of 5 mm from the mucosal surface, which was 
first recommended by Sorbe and Smeds [26]. This recom-
mendation was based on the idea that vaginal lymphatics 
would lie in the first 5 mm [26]. In another study per-
formed by Choo et al., specimens of full-thickness vagi-
nal biopsies of 13 patients revealed that 95% of vaginal 
lymphatics were located in the first 3 mm [27]. The ABS 
recommends prescribing the dose to the applicator sur-
face or depth of 5 mm according to clinical protocols [15]. 
However, treatment plans according to these recommen-
dations may lead to higher OARs doses, when the vaginal 
mucosa is thin (atrophic), or may lead to lower target vol-
ume coverage in obese patients, resulting an unfavorable 
therapeutic index. In a retrospective study performed by 
Onsrud et al., adjuvant VBT was performed in 217 patients 
with stage I-II EC [13]. They compared late reactions of 
patients receiving treatment to a standard depth of 5 mm 
with treatment depths 3, 4, and 5 mm according to the 
vaginal mucosal thickness on gynecological examination. 
They found that the GI, GU, and vaginal side effects were 
significantly decreased with the individualized treatment 
plans compared to the standard treatment. 

In this present dosimetric analysis, we compared the 
point-based 2D VBT treatment planning technique to 
volume-based 3D VBT procedure in patients with inter-
mediate-risk EC. In the point-based technique, the dose 
was prescribed historically to the vaginal mucosa (or 
applicator surface) or 5 mm beyond, while in the vol-

ume-based technique, the entire vaginal wall thickness 
was contoured with image guidance and the dose was 
prescribed to this volume considering the patient’s anato-
my. We have achieved statistically significant dosimetric 
advantage by 3D VBT (plan A) technique compared to  
2D VBT technique, in which the dose was prescribed at 
the 5 mm depth from the vaginal mucosa (plan C) in terms 
of rectum and bladder D2cm3 doses. Also, we obtained bet-
ter dose coverage in the CTV with 3D VBT compared to 
2D technique. The reason why there are sparse consensus 
recommendations for 3D VBT in EC is that OARs’ doses 
are quite low in patients treated with adjuvant VBT alone. 
However, when there is a need for using both external 
pelvic RT and VBT due to surgical margin positivity or 
stage II disease or extensive LVSI, OARs’ doses may ex-
ceed tolerance limits and 3D VBT can provide an advan-
tage, especially in these cases. It seems clear that in the 3D 
treatment era, it is necessary to determine the thickness of 
vaginal wall according to CT data, which provides dose 
optimization based on proximity to OARs. 

In the literature, there are no randomized studies 
regarding the optimal dose, fractionation, or prescrip-
tion point for VBT in EC. Many different fractionation 
schemes were applied for adjuvant VBT [28]. VBT dose 
depends on the dose specification point, length of va-
gina treated, and whether EBRT is applied. One of the 
most frequently used schemes for patients treated with 
VBT alone according to the ABS recommendations is  
5 × 6 Gy, if the dose is prescribed to the vaginal mucosa, 
and 5 × 5 Gy if the dose is prescribed to the 5 mm beyond 
the vaginal mucosa [15]. In our VBT alone protocol, a to-
tal of 27.5 Gy was applied in 5 fractions. We found that 
3D VBT planning yields better dose coverage compared 
to 2D VBT. Due to the dose normalization at a standard 
point, D95 values of 10 patients varied in a wide scale be-
tween 350 cGy and 450 cGy for plan B and 530 cGy and  
663 cGy for plan C. However, in plan A, these values ranged 
from 550 cGy to 559 cGy and were equal or greater than  
550 cGy in all patients. When the dose was prescribed to 
the vaginal mucosa (plan B) in 2D VBT planning, target 
coverage was inadequate. According to the ABS recom-
mendations, if the dose is prescribed to the vaginal muco-
sa, the fraction dose should be increased [29]. 

At present, the use of CT imaging is gradually in-
creasing in VBT planning in EC. A recent survey of the 
ABS members indicated that for adjuvant VBT, 64% of 
the respondents utilized CT imaging for VBT planning 
[30]. Even though the majority of respondents preferred 
CT-based treatment planning in VBT, they still used dose 
prescription to 0.5 cm depth or mucosal surface similar 
to 2D VBT technique, with point-dose calculation. We 
believe that it is more sensible to perform the treatment 
planning volumetrically rather than point-dose calcula-
tion, which would lead to a decrease of OARs’ doses and 
hot points in the low-risk part of vagina. 

Conclusions 
As a result, a normalization of the dose to standard 

reference points when planning VBT in patients with EC 
brings uncertainties in terms of CTV and OARs doses.  
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In these cases, a customized 3D volume-based VBT plan-
ning, as in cervical cancers, can minimize these uncer-
tainties. With this approach, the target volume is covered 
sufficiently, and unnecessary irradiation of OARs can be 
prevented. Therefore, it may be useful to update dose op-
timization and normalization recommendations for VBT 
according to the new modern 3D treatment era. 
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