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A B S T R A C T   

Purpose: To compare two vaginal brachytherapy (VBT) schedules in postoperative endometrial carcinoma (PEC) 
patients considering vaginal-cuff relapses (VCR), late toxicities, dosimetry analysis and vaginal dilator use. 
Material and methods: 110 PEC patients were treated with exclusive high-dose-rate VBT using two schedules. 
Group-1:44-patients received 6 Gy×3fractions (September-2011-April-2014); Group-2:66-patients were treated 
with 7.5 Gy×2fractions with a dose limit of equivalent total doses in 2-Gy fr (EQD2(α/β=3)) of 68 Gy in the most 
exposed 2 cm3 of clinical target volume (CTV) (July-2015-November-2021). The dose was prescribed at 5 mm 
from the applicator surface. Were evaluated the overall radiation dose delivered to 90% of the CTV (D90), the 
CTV receiving 100% of the prescription dose (V100) and the EQD2(α/β=3) received in the most exposed 2 cm3 to 
dose in CTV. Late toxicity was prospectively assessed using RTOG scores for bladder and rectum and objective 
LENT-SOMA criteria for late vaginal toxicity (LVT). Statistics: Descriptive analysis, Chi-square, Student’s t-tests 
and Kaplan and Meier method. 
Results: The median follow-up was 60 months (15.9–60). There were no VCR or late toxicities in bladder or 
rectum. LVT ≥ G1 appeared in 26/44 (59.1%) in Group-1 and 25/66 (37.9%) in Group-2. The mean EQD2(α/β=3) 
received by the most exposed 2 cm3 of CTV was 63.7 Gy ± 10.0 in Group-1 and 60.5 Gy ± 3.8 in Group-2 (p =
0.063). There were no differences in adherence to vaginal dilator use ≥9 months, overall D90 and V100. 
Conclusion: Considering the lack of vaginal relapses and similar LVT over time, 7.5 Gy×2fractions seem more 
efficient in terms of patient comfort, workload, and cost. This is the first study using dosimetry parameters to 
compare effectivity of schedules. Larger series are needed to confirm the present results.   

Abbreviations: EC, Endometrial cancer; SD, standard deviation; CT, Computerized tomography; OAR, Organs at risk; 3D, Three dimensional; CI, Confidence 
interval; VBT, Vaginal brachytherapy; VLSI, Vascular and lymphatic space invasion; VCR, Vaginal-cuff recurrence; EBRT, External beam radiotherapy; HDR, High- 
dose-rate; LVT, Late vaginal toxicity; PEC, Postoperative endometrial cancer; CTV, Clinical target volume; D90, Overall radiation dose delivered to 90% of the CTV; 
V100, Volume of the CTV receiving 100% of the prescribed dose; EQD2, Equivalent total doses in 2-Gy fractions. 

* Corresponding author at: Fonaments Clínics Dpt. Universitat de Barcelona, C/ Casanovas 153, 08036 Barcelona, Spain. 
E-mail addresses: Fnoorian@clinic.cat (F. Noorian), rabellana@ub.edu (R. Abellana), 250522926@qq.com (Y. Zhang), HERREROS@clinic.cat (A. Herreros), 

baltrons@clinic.cat (C. Baltrons), valentina.lancellotta@policlinicogemelli.it (V. Lancellotta), luca.tagliaferri@policlinicogemelli.it (L. Tagliaferri), ssabatem@ 
gmail.com (S. Sabater), ATORNE@clinic.cat (A. Torne), rovirosa@ub.edu (A. Rovirosa).  

Contents lists available at ScienceDirect 

Radiotherapy and Oncology 

journal homepage: www.thegreenjournal.com 

https://doi.org/10.1016/j.radonc.2023.109909 
Received 20 May 2023; Received in revised form 4 September 2023; Accepted 5 September 2023   

mailto:Fnoorian@clinic.cat
mailto:rabellana@ub.edu
mailto:250522926@qq.com
mailto:HERREROS@clinic.cat
mailto:baltrons@clinic.cat
mailto:valentina.lancellotta@policlinicogemelli.it
mailto:luca.tagliaferri@policlinicogemelli.it
mailto:ssabatem@gmail.com
mailto:ssabatem@gmail.com
mailto:ATORNE@clinic.cat
mailto:rovirosa@ub.edu
www.sciencedirect.com/science/journal/01678140
https://www.thegreenjournal.com
https://doi.org/10.1016/j.radonc.2023.109909
https://doi.org/10.1016/j.radonc.2023.109909
https://doi.org/10.1016/j.radonc.2023.109909
http://crossmark.crossref.org/dialog/?doi=10.1016/j.radonc.2023.109909&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Radiotherapy and Oncology 189 (2023) 109909

2

Introduction 

Endometrial cancer (EC) is the second most common gynecological 
malignancy worldwide and the first in developed countries, with a 5- 
year prevalence of 34.7%. In Spain, it is the third most common can-
cer in women following breast and colorectal cancer [1–4]. 

Vaginal brachytherapy (VBT) is often recommended and in patients 
treated with exclusive VBT, vaginal-cuff failure ranges from 0–3.1% and 
pelvic recurrences occur in 0–4.1% of patients depending on the series. 
Exclusive adjuvant VBT yields very low rates of vaginal-cuff recurrence 
(VCR) with minimal treatment toxicity compared to external beam 
radiotherapy (EBRT) [5–9]. 

Late vaginal toxicity (LVT) appears in up to 50% of cases depending 
on the series and the scoring system used, and can result in some cases of 
vaginal wall atrophy, bleeding, stenosis, and/or decreased vaginal 
length leading to sexual dysfunction and subsequent adverse impacts on 
patient quality of life. It is also important to maintain the vaginal canal 
open to facilitate pap-smear screening and gynecological examination to 
detect tumor recurrence. The total VBT dose, fractionation, length and 
depth of vagina treated all contribute to the risk of potential LVT. In-
terventions, such as the use of a vaginal dilator and resumption of sexual 
intercourse, is recommended to decrease the risk of LVT. In high-dose- 
rate (HDR) VBT there is no consensus regarding the optimal dose and 
fractionation schedule, vaginal treatment length, or depth of dose 
specification for VBT delivery. The dose is most prescribed to the 
proximal 5 mm or vaginal surface, and the treated length is the proximal 
1/3–1/2 of the vagina, with no agreement among centers [9–14]. 

Our team has previously reported the results of comparing three 
different exclusive HDR brachytherapy schedules: 6 fractions (fr) of 4–6 
Gy, 3-4fr per week, 4fr of 5–6 Gy administered daily and 6 Gy×3fr on 3 
consecutive days (dose prescribed at 5 mm from the applicator surface). 
6 Gy×3fr daily seemed to be safe and the optimal treatment of these 3 
schedules. The results of previous retrospective studies showed the value 
of a dose limit for reducing G2 vaginal stenosis and the preliminary 
results of a prospective study establishing a 68 Gy-equivalent total doses 
in 2-Gy fr (EQD2)(α/β=3) constraint in the most exposed 2 cm3 of CTV in 
postoperative EC (PEC) VBT showed a reduction in complications 
without VCR [15,16]. The present study, compared the clinical out-
comes of 7.5 Gy×2fr with a 68 Gy-EQD2(α/β=3) constraint in the most 
exposed 2 cm3 of CTV and 6 Gy×3fr in women with early-stage post-
operative EC (PEC) undergoing exclusive VBT after surgery from 2011- 
2021. Age, late toxicities, vaginal dilator adherence ≥ 9 months and 
dosimetry parameters, such as clinical target volume (CTV), overall 
radiation dose delivered to 90% of the CTV (D90), and volume of the 
CTV receiving 100% (V100) were used for this comparison. For the first 
time, dosimetry parameters were used to compare schedules. 

Material and methods 

The present study was approved by the Institutional Ethical Review 
Board of our center (HCB 2022/0379) and patient consent for study 
participation was obtained. The patients analyzed were PEC patients 
treated with exclusive HDR VBT from 2011 to 2021 with at least 12 
months of follow-up. One hundred ten patients fulfilled the inclusion 
criteria and were divided into two groups: Group-1: 44 patients treated 
with 6 Gy×3fr on three consecutive days from September 2011 to April 
2014; Group-2: 66 patients treated with 7.5 Gy×2fr on two consecutive 
days from July 2015 to November 2021 in whom a limit of 68 Gy-EQD2 
in the most exposed 2 cm3 of CTV was established. 

This was a retrospective review of prospectively collected patient 
data on toxicity and vaginal control. We analyzed these two fraction-
ations in relation to VCR, late toxicities in vagina, rectum, and bladder, 
CTV, V100, EQD2(α/β=3) in the most exposed 2 cm3 of vagina, EQD2(α/ 

β=3) of overall D90 and use of dilators ≥ 9 months vs. no use or <9 
months. 

All the patients underwent surgery after the diagnosis of EC based on 

the clinical history, physical examination, pathological and imaging 
assessment including magnetic resonance, computerized tomography 
(CT) and/or ultrasonography and/or positron emission tomography. 
Staging was performed based on European Society for Gynecological 
Oncology-European Society for Treatment in Radiation Oncology- 
European Society of Pathology (ESGO-ESTRO-ESP9 guidelines and 
intermediate-risk patients underwent exclusive VBT after surgery [2]. 

The first applicator placement was performed in the operating room, 
where patients were examined to confirm correct healing of the vaginal 
wound and determine the diameter of the applicator required. Then, CT 
images using 1 mm thick slices were obtained for 3-dimensional (3D) 
VBT-planning. After defining the treatment volume and organs at risk 
(OAR), treatment planning was performed in each patient. The vaginal 
CTV was delineated 2.5 cm along the first cylinder with automatic 
exclusion of the cylinder based on Hounsfield number discrimination. 
Thereafter, the CTV was manually corrected for excess or defect of 
inappropriate vaginal wall thickness (Fig. 1). OARs (bladder and 
rectum) were delineated outlining the outer contour. The CTV of the 
vagina was duplicated for also being considered as an OAR. The dose 
was prescribed at 5 mm from the applicator surface with point-based 
distance optimization of the dose distribution. The active source treat-
ment length was 2.5 cm in the case of cylinders and colpostat’s size was 
adapted to each patient. 

The patients were followed at 15 days after treatment completion 
and then every 3 or 4 months in the first 2 years and every 6 months 
thereafter until 5 years. The presence of local, pelvic, or distant recur-
rence was assessed by clinical and radiological methods. Complications 
were determined by gynecological examination, clinical interview and, 
when necessary, radiological tests, among others. Rectal and bladder 
late toxicity were graded using RTOG criteria. The objective LENT- 
SOMA criteria are used for LVT: Late vaginal stenosis/shortening 
grade-1 is defined as shortening of vaginal length < 1/3 of the primary 
vaginal lengt; telangiectasias and adherences were also considered as 
grade-1. Grade-2 was considered as 1/3 to 2/3 of the primary vaginal 
length (vaginal bleeding is also included in grade-2), and grade-3 as 
vaginal length < 2/3 of the primary vaginal length. Evaluation of vagina 
shortening was first clinical (none or some visual images of shortening), 
then by manual exam (trying to open the vagina in all the cases and 
mainly when shortening is suspected). The next procedure is performed 
in the coronal CT topogram of the first application: measure of the 
distance from the top of applicator to the upper part of the pubic sym-
physis for comparison with the clinical exam. Vaginal cylinders are then 
used to confirm the previous aspects in doubtful cases. To analyze LVT, 
the EQD2(α/β=3) was calculated for each patient at 2 cm3 of the most 
exposed part to the dose in the CTV [17,18]. The overall D90 EQD2(α/ 

β=3) and V100 were also registered in each patient. 
After treatment, patients were advised to use vaginal dilators, 

adapted to vaginal size, prophylactically every day until the last follow- 
up at five years. 

Statistical analysis: Categorical variables were expressed using fre-
quencies and percentages, while continuous data were described using 
mean and standard deviation (SD) or median and interquartile range. 
The homogeneity study between dose regimens groups was performed 
using the chi-square test for the categorical variables or a Student’s t-test 
in the case of continuous variables. The mean, median or proportions 
differences between dose regimens groups were estimated with a 95% 
confidence interval (CI). The effect of dose regimen and other prognostic 
factors on time to LVT appearance was investigated using the Cox pro-
portional hazards model. The Kaplan-Meier estimator was used to esti-
mate the survival function (or probability that LVT will not appear 
during each month). The analyses were performed using R software 
version 4.2.2 package (R project for statistical computing; Vienna, 
Austria). 
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Results 

We followed 110 eligible patients for a median of 60 months 
(55.2–60.0) in Group-1 and 51.3 months (15.9–60.0) in Group-2. 

Table 1 shows the comparison of prognostic factors of local recur-
rence between the two study groups. These values were homogeneous 
except for vascular and lymphatic space invasion (VLSI), which was 
focal in all the patients in whom it was found. The intention to treat was 

Fig. 1. 1.1: CTV is contoured adding 3 mm to the first cylinder with posterior automatic exclusion of the cylinder. Then, CTV is modified manually for excess or 
defect of vaginal wall. The color red shows the CTV. a) coronal view; b) sagittal view; c) axial view. 1.2 Dosimetry study. Dose prescription at 5 mm from the 
applicator surface with point-based distance optimization of the dose distribution. a) Coronal view. 1.2 Dosimetry study. b) Sagittal view. 1.2 Dosimetry study. c) 
Axial view. 
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<8 weeks after surgery. However, the COVID pandemic and the 
increased number of patients received from other hospitals and the 
complete health of vaginal scar has increased the time interval to a mean 
of 9.53 weeks (SD 6.27). 

Tables 2 and 3 show the characteristics of VBT. In Group-2 a 68 Gy- 
EQD2(α/β=3) constraint was necessary in 4 patients (3/4 received 7.25 
Gy×2fr and 1/4 7 Gy×2fr) and 4 patients in Group-1 received a dose >
68 Gy-EQD2(α/β=3) in the most exposed 2 cm3 of CTV. The mean EQD2(α/ 

β=3) received by the most exposed 2 cm3 of CTV was 63.7 Gy (SD ± 10.0) 

in Group-1 and 60.5 Gy (SD ± 3.8) in Group-2 (p = 0.063). There were 
no differences between the two groups in vaginal dilator adherence, 
overall D90, V100 and CTV. 

No patient presented rectal or bladder late toxicity or VCR. One 
patient in Group-1 showed pelvic lymph node relapse. In Group-2 three 
patients showed non-vaginal relapses: One patient had pelvic lymph 
node relapse, one patient showed pelvic lymph node relapse and peri-
toneal metastasis, and another patient presented distant recurrence in 
the lung, peritoneum and lymph nodes (p = 0.532). 

Fig. 1. (continued). 
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LVT appeared in 51/110 (46.4%) patients: 26/44 (59.1%) in Group- 
1 and 25/66 (37.9%) patients in Group-2 (p = 0.032). Among patients 
presenting LVT, 26/110 (23.6%) had only telangiectasia: 18/44 (40.9%) 
and 8/66 (12.1%) in Groups-1 and 2 respectively (p < 0.001). Vaginal 
stenosis/shortening was detected in 38/110 (34.5%) patients: 19/44 
(43.2%) patients in Group-1 and 19/66 (28.8%) patients in Group-2 (p 
= 0.119). In Group-1, 13/44 (29.5%) patients showed grade-1 (5/44 
(11.4%): dog ear, 8/44 (18.2%) stenosis/shortening < 1/3 of vagina), 5/ 
44 (11.4%) grade-2 and only one patient (3%) showed grade-3 late 
vaginal stenosis/shortening, while in Group-2, 15/66 (22.7%) patients 
showed grade-1 (6/66 (9%) dog-ear, 9/66 (13.6%) stenosis/shortening 
< 1/3 of vagina) and 4/66 (6.1%) grade-2 (p = 0.224). 

The median follow-up in Group-1 was 60 months (range 55.2–60.0) 
and in Group-2 51 months (range 15.9–60.0). The mean time to LVT was 
similar in both dose regimens, being 21.1(SD ± 14.6) months in the 
whole series. The mean time to G1 LVT was 21.3 months (SD ± 12.1) in 
Group-1 and 17.6 months (SD ± 14.7) in Group-2 (p = 0.266). The mean 
time to G ≥ 2 LVT was 29.6 (SD ± 18) months in Group-1 and 29.5 (SD 
± 17) months in Group-2 (p = 0.999). 

Fig. 2 and Table 4 indicate that despite the different number of LVT 
cases between the two groups, the monthly incidence rate of LVT was 
similar:1.5% [1;2.2] in Group-1 and 1.1% [0.7;1.6] in Group-2 (HR 1.5, 

Table 1 
Clinical characteristics of the entire sample of patients and by study group.   

ALL Group-1 Group-2 Difference [95% CI] p-value N  
N = 110 N = 44 N = 66    

Mean Age (SD) 65.8 (9.1) 64.8 (8.3) 66.4 (9.5) − 1.69 [− 5.18; 1.80]  0.337 110 
Myometrial invasion (n, (%))       
≥50% 40 (36.4%) 17 (38.6%) 23 (34.8%) 3.8% [− 16.5; 24.1]  0.690 110 
<50% 70 (63.6%) 27 (61.4%) 43 (65.2%)    
Pathologic types (n, (%))       
Endometrioid 97 (88.1%) 40 (89.5%) 58 (85.3%) 2.27 [0.726; 0.10]  0.14 110 
Serous 1 (0.9%) 0 (0%) 1(0.9%)    
Clear cell 2 (1.8%) 0 (0%) 2 (1.8%)    
Mixed 10 (0.9%) 4 (10.5%) 9 (8.1%)    
Histologic grade       
G1 + 2 93 (84.5%) 41 (93.2%) 52 (78.8%) − 11 [− 50;050]  0.075 110 
G3 17 (15.5%) 3 (6.8%) 14 (21.2%)    
Mean Tumor size (SD) 1.9 (1.5) 1.9 (1.6) 2.0 (1.5) 0.1 [− 0.76; 0.53]  0.720 98 
Focal VLSI (n, (%)      110 
Yes 11 (10.0%) 1 (2.3%) 10 (15.1%) − 12.9% [− 24.5; − 1.3]  0.027  
No 99 (90%) 43 (97.7%) 56 (84.9%)    
FIGO stage: (n, %)       
IA 66 (60.0%) 27 (61.4%) 39 (59.1%) 2.3% [− 18.7; 22.8]  0.318 110 
IB 40 (36.4%) 17 (38.6%) 23 (34.8%) 3.8% [− 16.5; 24.1]   
II 4 (3.6%) 0 (0.0%) 4 (6.1%) − 6.1% [− 13.7; 1.6]   
Chemotherapy (n, (%)):       
Yes 2 (1.8%) 0 (0.0%) 2 (3.0%) − 3.03% [− 9.4; 3]  0.516 110 
No 108 (98.2%)  64 (97%)    
Vaginal dilator adherence (n, %)       
≥9 months 35 (31.8%) 12 (27.3%) 23 (34.8%) − 7.6% [− 26.9; 11.8;]  0.415 110 
<9 months 75 (68.2%) 32 (72.3%) 43 (65.2%)    

SD: Standard deviation. VLSI: vascular and lymphatic space invasion. N,n: number: CI: confidence interval. 

Table 2 
Brachytherapy characteristics for the entire sample of patients and by study 
group.   

ALL Group-1 Group-2 P 
value 

N 

BT Technique (n, 
(%)):     

1.000 110 

Cylinders 106 
(96.4%) 

42 
(95.5%) 

64 
(97.0%)   

Colpostats 4 (3.6%) 2 (4.5%) 2 (3.0%)   
Cylinder diameter (n, 

(%)):     
0.560 106 

2.5 3 (2.8%) 2 (4.7%) 1 (1.6%)   
3.0 16 

(14.5%) 
5 (11.4%) 11 

(16.7%)   
3.5 87 

(79.1%) 
35 
(79.5%) 

52 
(78.8%)   

Colpostats in cm: (n, 
(%))      

2.0 1 (25.0%) 1 (50.0%) 0 (0.00%)  0.333 4 
2.5 1 (25.0%) 1 (50.0%) 0 (0.00%)   
3.0 2 (50.0%) 0 (0.00%) 2 (100%)   

BT: brachytherapy; n: number; cm: centimeters. 

Table 3 
Dosimetry parameters and vaginal toxicity.   

All Group-1 (35) Group-2 (66)  P-value N 

Mean EQD2(α/β=3) in 2 cm3 of CTV(SD) 61.6 (6.8) 63.7 (10.0) 60.5 (3.8)  0.063 101 
Mean EQD2(α/β=3) in D90(SD) 40.6 (6) 40.7 (7.5) 40.5 (5)  0.900 100 
Mean V100 cc (SD) 8.0 (1.4) 8.2 (1.6) 7.9 (1.3)  0.444 101 
Mean CTV volume (SD) 8.1 (1.5) 8.30 (1.7) 8.03 (1.5) 1.12 [0.86;1.45] 0.408 101 
Mean EQD2(α/β=3) 2 cm3 of bladder (SD) 21.2(5.2) 21.43(5.4) 21.2(5.1) 1.08[1.91;2.40] 0.821 101 
Mean EQD2(α/β=3) 2 cm3. of rectum (SD) 16.2(7.9) 24.2(7) 21.3(4.5) 1.14(0.5616:5.0987) <0.0150 101 
Late vaginal toxicity:      110 
No 59 (53.6%) 18 (40.9%) 41 (62.1%) Ref. Ref.  
≥G1 51 (46.4%) 26 (59.1%) 25 (37.9%) 2.34 [1.08;5.21] 0.032  
Mean time to G ≥ 1 appearance (months) (SD) 21.1(14.6) 24(13.6) 19.5(15.4) 95% CI: − 3.6427––2.7249 0.270 110 

SD: standard deviation. EQD2: Equivalent dose to a fractionation of 2 Gy per fraction. CTV: Clinical Target volume. V100: Volume receiving the 100% of dose. D90: 
isodose that receives the 90% of the dose. 

F. Noorian et al.                                                                                                                                                                                                                                



Radiotherapy and Oncology 189 (2023) 109909

6

95% CI: 0.9; 2.6), suggesting the same probability of LVT occurrence 
over time in both groups. 

The only variable related to LVT in the univariate analysis (Table 4) 
was age: patients presenting LVT were older than those without LVT. 

Discussion 

The present study compared two schedules of exclusive VBT for PEC. 
In previous studies by our group, 6 Gy×3fr seemed to be more efficient, 
considering complications and VCR, compared to a larger number of 

Fig. 2. Toxicity free time probability according study Groups 1 (6Gy×3 fractions) and 2 (7.5Gy×2 fractions).  

Table 4 
Univariate analysis of prognostic factors of late vaginal toxicity.   

[ALL] G0 G ≥ 1 HR [95% CI] p-value  
N = 110 N = 59 N = 51   

Study group (n, %):      0.157 
2 66 (60.0%) 41 (62.1%) 25 (37.9%) 1  
1 44 (40.0%) 18 (40.9%) 26 (59.1%) 1.49 [0.86;2.60]  
Mean age (SD) 65.8 (9.1) 64.4 (9.9) 67.4 (7.8) 1.03 [1.00;1.07]  0.031 
Mean EQD2(α/β=3) in 2 cm3 of vagina (SD) 61.6 (6.8) 60.6 (4.2) 62.8 (8.8) 1.02 [0.99;1.06]  0.171 
Mean EQD2(α/β=3) in D90 (SD) 40.6 (6) 41.0 (4.9) 40.0 (7) 0.98 [0.93;1.03]  0.478 
Mean V100cc (SD) 8 (1.4) 7.9 (1.3) 8.1 (1.5) 1.07 [0.88;1.31]  0.479 
Mean CTV (cc) (SD) 8.1 (1.6) 8.0 (1.5) 8.2 (1.7) 1.09 [0.91;1.31]  0.350 
Vaginal dilator use (n, (%))      
No 75 (68.2%) 36 (48.0%) 39 (52.0%) 1  
Yes 35 (31.8%) 23 (65.7%) 12 (34.3%) 0.61 [0.32;1.16]  0.134 

SD: Standard deviation; HR: hazard ratio; EQD2: Equivalent dose to a fractionation of 2 Gy per fraction; CTV: Clinical Target volum; V100: Volume receiving the 100% 
of dose; D90: isodose that receives the 90% of the dose; n: number. 
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fractions. Here, we compared this fractionation schedule with 7.5 
Gy×2fr for the first time in the literature. Moreover, we previously re-
ported a possible relationship between VBT outcomes and a 68 Gy- 
EQD2(α/β=3) constraint in the most exposed 2 cm3 of CTV [15,16]. 
Hence, we administered 2 fractions of 7.5 Gy with a 68 Gy-EQD2(α/β=3) 
constraint in the most exposed 2 cm3 of CTV in Group-2. There were no 
differences in other dosimetry parameters, such as V100, overall D90 
and CTV volume, between the two groups. The conclusion is that the two 
series were very similar in VBT dosimetry aspects except for dose 
fractionation. 

Most recurrences in EC are diagnosed within 3 years after primary 
treatment. The most common site of recurrence is the vaginal-cuff while 
lymph node and distant relapses represent about one-third of cases. The 
main factors that may influence local control are total dose adminis-
tered, fractionation schedule, depth of myometrium invasion, histolog-
ical type, grade, and VLSI. In this study no patient showed VCR with a 
median follow-up of 60 months in total, 60 months in Group-1 and 51.3 
months in Group-2. Although the median follow-up was shorter in 
Group-2, it should not affect the detection of VCR because both were 
longer than the average 3 years to VCR reported in the literature 
[19–21]. 

VBT delivers a conformal dose to the vagina with less dose to sur-
rounding normal tissues compared to EBRT. Hence, the rates of late 
bladder and rectum toxicities are quite low. Sorbe et al. showed that 
patients treated at a longer length of the vagina or who received a 
greater dose per fraction experienced greater bladder, rectal, and late 
vaginal toxicities [5,13]. Glatzer et al. reported that a significantly 
increased vaginal stenosis rate was associated with a deeper prescription 
point and longer treatment length. In the literature, the proportion of 
>60% of treated vagina and total dose > 14 Gy were significant inde-
pendent predictors of G ≥ 1 vaginal stenosis; 71% of the experts in the 
multicenter European study by Glatzer administered the treatment to 
the upper 3 cm of the vagina [1,19,22]. In our study, both groups were 
treated with the same VBT characteristics except for dose fractionation. 
The dose was prescribed to a depth of 5 mm from applicator surface 
along the first 2.5 cm of the proximal cylinder. No patient in either of the 
two schedules analyzed showed late rectal or bladder toxicity. 

The primary risk of toxicity with VBT is in the proximal (most 
common) and the second third of vagina resulting in vaginal atrophy, 
adherences, bleeding, stenosis, and/or decreased vaginal length. The 
incidence of Grade-1–2 LVT ranges widely in the literature (7.5%-27.7% 
up to 50%) and grade 3–4 is reported with ranges between 0–5.2% in 
different reports Include: [13,14,23-25] 

In the present series, Group-1, 13/44 (29.5%) patients showed grade- 
1, 5/44 (11.4%) grade-2 and only one patient (3%) showed grade-3 LVT, 
while Group-2, 15/66 (22.7%) patients showed grade-1 and 4/66 (6%) 
grade-2 LVT (p = 0.224). Thus, the incidence of LVT was similar or 
lower than the literature series. The mean time to G ≥ 2 LVT was 29.6 
months (SD ± 18) in Group-1 and 29.5 months (SD ± 17.0) in Group-2 
(p = 0.999). Consequently, when using the present two schedules to 
analyze LVT in VBT in PEC patients, they should likely be followed at 
least 47 months. However, this should be confirmed in studies with a 
larger number of patients. The shorter follow-up of Group-2 compared to 
Group-1 could induce differences in LVC in Group-2. Nevertheless, 
considering the similar median time to the appearance of LVC suggests 
no differences between both groups. Indeed, Fig. 2 shows no differences 
over time in LVC. 

Our previous results with more protracted schedules with higher 
doses showed a 20% incidence of ≥G2 LVT. In the present series, LVT ≥
G2 appeared in 10/110 (9%) patients. The number of G2 LVT compli-
cations was lower than that in the previous series with a larger follow-up 
in our center. Therefore, these 2 schedules seem to be beneficial for G2 
LVT [16,26–30]. 

Clinically implemented VBT schedules often depend on local stan-
dards and the experience of each center. According to the American 
Brachytherapy Society, VBT was the preferred treatment in 

intermediate-risk disease with the most common schedules being 7 Gy to 
0.5 cm depthx3fr and 6 Gy×5fr to the applicator surface, but over 24 
different regimens were reported. Markus Glatzer reported nine 
different VBT regimens as monotherapy for brachytherapy in 18 expe-
rienced centers in Europe: 65% experts used fractionation regimens of 7 
Gy×3fr or 5 Gy×4fr for brachytherapy as monotherapy. Two fractions of 
7.5 Gy×2fr and 3 fractions of 6 Gy were used by two different centers. In 
the Glatzer et al. study, the EQD2(α/β =10) ranged from 19.5 Gy to 37.5 
Gy for brachytherapy as monotherapy. The constraints for OARs varied 
among the experts. Thus, it is essential to determine a fractionation that 
produces fewer complications and is more patient-friendly and less 
costly [1,5,6,14,27]. 

The present series is very homogeneous considering dosimetry pa-
rameters including the dose (most patients had EQD2(α/β =3) < 68 Gy in 
the most exposed 2 cm3 of CTV) and consequently, this dose should not 
impact the appearance of LVT (Table 4). The dosimetry parameters were 
the same in patients with LVT-G ≥ 1 vs. those without LVT including 
EQD2(α/β=3) in the most exposed 2 cm3 of CTV, overall EQD2(α/β=3) in 
D90, V100 and CTV. Therefore, it could be considered that these pa-
rameters, being similar in the two schedules, had no influence on LVT in 
the present series. Considering that only 4 patients in Group-1 received a 
dose > 68 Gy-EQD2(α/β=3) in the most exposed 2 cm3 of CTV and the 
mean EQD2(α/β=3) received by the most exposed 2 cm3 of CTV was 
similar in both schedules, the application of a 68 Gy-EQD2(α/β=3) 
constraint in these two schedules does not seem necessary. Thus, 
dosimetry parameters seem to be a good way to compare VBT schedules 
in PEC. 

Bahng et al. reported that the use of vaginal dilators by patient 
significantly reduces the incidence of vaginal atrophy. In a prospective 
study of vaginal dilator adherence, continued use of a vaginal dilator 6 
months after pelvic radiotherapy decreased the rate of vaginal stenosis. 
In a previous multivariate analysis, we showed that vaginal dilator use 
≥9 months is related to less G2 LVT. Thus, all patients were encouraged 
to use dilators ≥ 9 months. Nevertheless, in the present series only 1/3 of 
patients in the 2 groups reported adherence to vaginal dilators. Uni-
variate analysis showed a non-significant difference in the use of vaginal 
dilators and the time of adherence between the two treatment groups. 
Perhaps patients with higher adherence may benefit the most from 
vaginal dilator use showing a lower grade of LVT [19,22,28,31–34]. 

Comparing patients with versus those without LVT we found that the 
only variable with a statistically meaningful difference was age, 
although the difference in age was very low: the median age was 64.4 
years for no LVT vs. 67.4 years for having LTV. In a previous retro-
spective multivariate study, we found no influence of age on LVT [28]; 
consequently, the present result should be confirmed in larger pro-
spective studies. 

A limitation of this study is the number of patients included and the 
follow-up of Group 2. Thus, further studies including more patients with 
a longer follow-up are necessary to achieve more robust conclusions. 
Nevertheless, in the present study both fractionation schedules were 
safe, being similar in the dosimetry parameters analyzed and the LVT 
over time. This is the first study to compare 6 Gy×3fr and 7.5 Gy×2fr 
showing dosimetry parameters, being useful for comparing fractionation 
schedules. 

Conclusion 

Considering all the above, including the absence of vaginal relapses 
in both groups, similar LVT occurrence over time, EQD2(α/β=3) in the 
most exposed 2 cm3 of CTV and other dosimetry parameters in both 
groups, it can be concluded that 7.5 Gy×2fr is more cost-effective and 
imposes a lower burden on the health system and is also more patient- 
friendly. Furthermore, this study is the first to evaluate dosimetry pa-
rameters when comparing these two schedules. Larger series are needed 
to confirm the present results. 
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