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Abstract

Background: Adjuvant vaginal cuff high-dose-rate (HDR) brachytherapy is a standard
component of care for high-intermediate and high-risk endometrial cancer. Historically,
2D orthogonal-film planning inadequately assessed doses to the bladder, rectum and
sigmoid colon. Computed tomography (CT) based 3D planning enables volumetric
evaluation of these organs at risk (OAR) and permits equivalent-dose-in-2 Gy-fractions
(EQD2) analysis. Data correlating cumulative EQD2 with acute toxicity in the Indian
population remain limited. Methods: This prospective observational study enrolled 58
women with histologically confirmed endometrial carcinoma treated with adjuvant
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INTRODUCTION

Endometrial carcinoma is the most common gynaecological malignancy in developed countries and the sixth most common
cancer in women worldwide, with an estimated 417,000 new cases and 97,000 deaths reported in the GLOBOCAN 2020
update.t Although the age-standardised incidence in India is comparatively lower than in Western populations, it is rising
steadily, and India recorded approximately 16,413 new cases and 6,385 deaths from corpus uteri cancer in 2020,
representing a considerable regional burden.2,3 The majority of patients present with post-menopausal bleeding, allowing
diagnosis at an early clinical stage and offering favourable prognosis after appropriate multimodality treatment.*

The mainstay of management for localised disease is total abdominal hysterectomy with bilateral salpingo-oophorectomy,
with or without pelvic and para-aortic lymphadenectomy. Adjuvant radiotherapy is tailored to pathological risk factors
including tumour grade, depth of myometrial invasion, lymphovascular space invasion (LVSI), cervical stromal
involvement and, more recently, molecular subtype, as codified in the 2023 International Federation of Gynecology and
Obstetrics (FIGO) staging system.” For patients with high-intermediate risk features, the landmark PORTEC-2 randomised
trial demonstrated that vaginal cuff brachytherapy (VBT) alone was non-inferior to pelvic external beam radiotherapy

International Journal of Medicine 1608


https://theinternationalmedicine.com/
mailto:nishi.balakrishna@gmail.com
http://creativecommons.org/

Citation: Nikhitha SB, Ural VM, Nishitha SB. Correlation of EQD2 with acute genitourinary and gastrointestinal toxicities following
vaginal cuff brachytherapy in endometrial cancer: a CTCAE v5.0-based prospective analysis. Int. . Med.,, 2026;8(7):1608-1616.

(EBRT) for vaginal control and afforded significantly better quality of life and fewer gastrointestinal (GI) and genitourinary
(GU) toxicities.®,” Subsequent long-term follow-up of PORTEC-2 confirmed durable local control with VBT as adjuvant
therapy for high-intermediate risk disease.® For high-risk endometrial cancer, external beam pelvic radiotherapy followed
by a vaginal brachytherapy boost, with or without chemotherapy, remains standard.®,'°

Historically, vaginal cuff brachytherapy has been planned using two-dimensional (2D) orthogonal radiographs, wherein
doses to the bladder and rectum are estimated at ICRU reference points that do not represent true three-dimensional (3D)
dose distributions.t Small-bowel and sigmoid colon doses are typically not accounted for, despite the fact that following
hysterectomy these organs frequently prolapse into the pelvis and lie in close apposition to the vaginal vault, placing them
at risk of significant radiation exposure.’2,® The advent of computed tomography (CT)-based 3D planning has enabled
volumetric delineation of target and organs at risk (OAR) and reporting of dose to clinically meaningful volumes such as
DO0.1cc, Dlce, D2cc and D5cc, as recommended by the Groupe Européen de Curiethérapie—European Society for
Radiotherapy and Oncology (GEC-ESTRO) working group.'4,'> The American Brachytherapy Society (ABS) has similarly
endorsed image-based planning in its consensus statements for adjuvant vaginal cuff brachytherapy.'s,'”

When patients receive both EBRT and VBT, biologically effective doses to OAR must be summed across the two
components. Because HDR VBT delivers a high dose per fraction, the equivalent dose in 2-Gy fractions (EQD2), computed
using the linear-quadratic model with an o/f of 3 Gy for late-responding normal tissues, is the accepted radiobiological
surrogate for cumulative injury.'®,'* Higher cumulative EQD2 to the bladder, rectum and sigmoid colon has been linked, in
cervical cancer brachytherapy, to increased incidence of grade >2 late GI and GU morbidity, and QUANTEC has provided
broad dose—volume tolerance benchmarks for these organs.?,?! In post-hysterectomy vaginal cuff brachytherapy, however,
prospective correlations between cumulative EQD2 and CTCAE-graded acute toxicity are relatively sparse, particularly
from Indian centres.

Against this background, the present prospective observational study was undertaken to evaluate volumetric doses to the
bladder, rectumand sigmoid colon using CT-based 3D planning for vaginal cuff HDR brachytherapy in endometrial cancer,
and to correlate cumulative EQD2 with acute proctitis, cystitis, vaginitis and diarrhoea graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0.2,

MATERIALS AND METHODS

Study design and population

This prospective observational study was conducted in the Department of Radiation Oncology at a tertiary care cancer
centre (Apollo Hospitals, Bannerghatta Road, Bengaluru, India) between February 2022 and July 2023 after approval from
the institutional review board. Consecutive patients diagnosed with endometrial carcinoma who were planned for adjuvant
vaginal cuff HDR brachytherapy, with or without prior EBRT, were screened. All enrolled patients had undergone modified
radical hysterectomy with or without pelvic and para-aortic lymphadenectomy and had histopathological confirmation of
endometrial malignancy requiring adjuvant radiotherapy on the basis of established risk factors as per the ESMO-ESGO-
ESTRO consensus and PORTEC risk stratification.2 Written informed consent was obtained from every participant.

Inclusion and exclusion criteria

Patients were eligible if they had undergone hysterectomy for endometrial carcinoma and were planned for adjuvant VBT
alone or EBRT followed by VBT. Patients with vaginal recurrence at presentation, previously irradiated pelvic disease,
distant metastases at diagnosis or pregnancy were excluded.

Sample size

Sample size was estimated based on the mean 3D maximum bladder dose reported by Russo et al.,'* using the formula n =
721-0/2 x SD¥d? With o = 0.05, Z = 1.96, SD = 32.7 and an absolute precision of 10%, a minimum sample size of 58
patients was required. A total of 58 patients were prospectively recruited and analysed.

Applicator selection and CT simulation

Prior to planning, all patients underwent a gynaecological examination to assess vaginal length and select an appropriate
cylinder diameter. A single-channel vaginal cylinder applicator with stackable segments (diameters 2.0-3.5 cm) was used;
the widest cylinder that the patient could comfortably accommodate was inserted to optimise mucosal apposition and dose
distribution.?* With the applicator in treatment position, a planning CT was acquired from the L4 vertebra to the mid-thigh
with a slice thickness of 2 mm.

Contouring and target definition
The bladder, rectum and sigmoid colon were contoured on every axial slice by a single radiation oncologist (primary
investigator) following the Radiation Therapy Oncology Group (RTOG) pelvic normal-tissue delineation atlas.? Treatment

International Journal of Medicine 1609



Citation: Nikhitha SB, Ural VM, Nishitha SB. Correlation of EQD2 with acute genitourinary and gastrointestinal toxicities following
vaginal cuff brachytherapy in endometrial cancer: a CTCAE v5.0-based prospective analysis. Int. . Med.,, 2026;8(7):1608-1616.

length and clinical target volume (CTV) were contoured as recommended by the ABS."” The CTV to prescribed depth
(CTV depth) was defined as an isotropic 5 mm expansion from the applicator surface over the treatment length, while the
CTV surface was defined as the volume encompassing the treatment length at the applicator surface.

Treatment planning and dose prescription

Datasets were transferred to the Varian Eclipse Brachytherapy treatment planning system for 3D optimisation. A single-
channel applicator was reconstructed and dwell positions were loaded to cover the target length. Dose was prescribed to
either the surface of the cylinder or 5 mm depth as per institutional practice. Dwell time optimisation was performed to
deliver the prescribed dose to the CTV while minimising doses to OARs, without compromising target coverage.
Fractionation schedules used for VBT alone were 6 Gy x 5 fractions, 5.5 Gy x 5 fractions or 4 Gy x 6 fractions; for EBRT
+ VBT boost, 6 Gy x 3, 5.5 Gy x 3 or 5 Gy x 3 fractions were prescribed. External beam radiotherapy, when indicated,
delivered 45-50.4 Gy in 25-28 fractions using conformal or intensity-modulated techniques as per ABS and ESMO
recommendations.’,

OAR dose reporting and EQD2 calculation

For each OAR, the doses delivered to 0.1 cc, 1 cc, 2 cc and 5 cc (D0.1cc, D1cc, D2cc and D5cc) were extracted from the
dose—volume histogram (DVH); the D2cc has been endorsed by GEC-ESTRO as clinically representative for late-
responding normal tissues in gynaecological brachytherapy.™* The equivalent dose in 2 Gy fractions was calculated using
the linear-quadratic formula EQD2 = D x (d + o/B) / (2 + o/B), with o/f = 3 Gy for bladder, rectum and sigmoid colon;
where EBRT and VBT were combined, cumulative EQD2 was obtained by summation of individual contributions.'s,"

Toxicity assessment
All patients were reviewed two weeks after completion of brachytherapy for acute treatment-related reactions. Proctitis,
cystitis, vaginitis (vaginal inflammation) and diarrhoea were graded prospectively using CTCAE version 5.0.2

Statistical analysis

Data were entered into a Microsoft Excel spreadsheet and analysed using IBM SPSS version 22.0 (IBM Corp., Armonk,
NY, USA). Continuous variables were expressed as mean * standard deviation (SD) and categorical variables as
frequencies and proportions. The chi-square test and Fisher's exact test, as appropriate, were used to compare categorical
variables. A two-tailed p-value < 0.05 was considered statistically significant.

RESULTS

Baseline demographics and stage distribution

Between February 2022 and July 2023, 58 patients were enrolled and analysed: 28 patients received VBT alone and 30
received EBRT followed by VBT. The mean age of the entire cohort was 62.4 + 8.9 years; 32 patients (55.2%) were older
than 60 years, 20 (34.5%) were aged 50-60 years and 6 (10.3%) were younger than 50 years. In the VBT arm, FIGO stages
IA-IB predominated, whereas in the EBRT + VBT arm advanced stage IB and stage Il disease were more frequent,
reflecting stage-driven treatment selection consistent with contemporary guidelines.®,* Histological grade 2 was the most
common differentiation in both arms. Baseline distributions are summarised in Table 1.

Table 1. Baseline demographic, stage and histological characteristics of the study cohort (n=58).

Characteristic VBT (n=28) | EBRT + VBT (n=30) | Total (n=58)
Age (years), n (%)
<50 3 (10.7) 3(10.0) 6 (10.3)
50-60 9(32.1) 11 (36.7) 20 (34.5)
>60 16 (57.1) 16 (53.3) 32 (55.2)
FIGO stage, n (%)
/1A 17 (60.7) 17 (56.7) 34 (58.6)
IB/1B2 10 (35.7) 12 (40.0) 22 (37.9)
/1B 1(3.6) 0 (0.0) 1(1.7)
11 (any) 0 (0.0) 1(3.3) 1(1.7)
Histological grade, n (%)
Grade 1 11 (39.3) 13 (43.3) 24 (41.4)
Grade 2 17 (60.7) 17 (56.7) 34 (58.6)

Treatment characteristics

In the VBT arm, the most common regimen was 6 Gy x 5 fractions (n=18, 64.3%), followed by 5.5 Gy x 5 fractions (n=8,
28.6%) and 4 Gy x 6 fractions (n=2, 7.1%). In the EBRT + VBT arm, 6 Gy x 3 fractions (n=15, 50.0%), 5.5 Gy x 3
fractions (n=10, 33.3%) and 5 Gy x 3 fractions (n=5, 16.7%) were used as the brachytherapy boost after 45-50.4 Gy pelvic
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EBRT. Notably, women older than 60 years more often received the higher-dose 6 Gy per fraction schedule in both arms,
whereas patients younger than 50 years more frequently received the lower per-fraction 4 Gy regimen.

Volumetric OAR dosimetry

Volumetric OAR doses per fraction were low and consistent between arms. In the EBRT + VBT arm, mean bladder DO.1cc,
D1icc, D2cc and D5cc were 3.69 + 0.86, 3.09 £ 0.77, 2.89 + 0.71 and 2.47 + 0.62 Gy respectively, and corresponding rectal
values were 4.38 £ 0.55, 3.83 + 0.60, 3.59 + 0.56 and 3.18 + 0.67 Gy. For the sigmoid colon (SC), mean DO0.1cc, Dlcc,
D2cc and D5cc were 2.31 £ 0.95, 1.90 £ 0.74, 1.74 + 0.65 and 1.52 £ 0.55 Gy. In the VBT-alone arm, mean bladder D2cc
and rectal D2cc were 2.88 + 0.64 Gy and 3.66 + 0.56 Gy respectively, with sigmoid D2cc of 1.90 + 0.66 Gy. All mean
D2cc values remained well within widely accepted per-fraction tolerance benchmarks.?,?' Detailed dosimetry is presented
in Table 2.

Table 2. Per-fraction volumetric doses (mean + SD, Gy) to bladder, rectum and sigmoid colon in the EBRT + VBT
and VBT arms.

Organ / volume EBRT+VBT Mean *= | EBRT+VBT VBT Mean +SD | VBT Range
SD Range
Bladder DO.1cc (Gy) | 3.69 £0.86 2.21-5.78 3.61+0.71 2.60-5.08
Bladder D1cc (Gy) 3.09 £0.77 1.83-4.70 3.07 £0.67 1.99-4.25
Bladder D2cc (Gy) 2.89+£0.71 1.67-4.31 2.88 £0.64 1.95-3.94
Bladder D5cc (Gy) 2.47 £0.62 1.37-3.70 2.47 +0.54 1.68-3.48
Rectum DO.1cc (Gy) 4.38+0.55 3.38-5.16 4.44 +0.49 3.40-5.10
Rectum D1cc (Gy) 3.83 £0.60 2.58-4.68 3.90 £ 0.57 2.55-4.69
Rectum D2cc (Gy) 3.59 +0.56 2.57-4.58 3.66 + 0.56 2.57-4.59
Rectum D5cc (Gy) 3.18 £+ 0.67 2.35-4.92 3.30+£0.78 2.00-4.94
Sigmoid D0.1cc (Gy) | 2.31+0.95 1.06-4.16 2.55+0.96 1.42-4.17
Sigmoid D1cc (Gy) 1.90+£0.74 1.04-3.32 2.10+£0.75 1.06-3.32
Sigmoid D2cc (Gy) 1.74 +0.65 0.90-3.06 1.90 £ 0.66 0.95-3.08
Sigmoid D5cc (Gy) 1.52+£0.55 0.80-2.62 1.66 £ 0.57 0.79-2.64

Volumetric doses to organs at risk (mean * SD, per fraction)
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Figure 1. Volumetric doses to organs at risk during vaginal cuff HDR brachytherapy. Mean per-fraction doses (x SD)
delivered to the D0.1cc, D1cc, D2cc and D5cc of bladder, rectum and sigmoid colon are shown for the EBRT + VBT (blue)
and VBT-alone (orange) arms. Per-fraction rectal D2cc remained < 3.66 Gy and bladder D2¢cc < 2.89 Gy across both arms.

Correlation of EQD2 with acute toxicity

Cumulative EQD2 was computed for each patient by summing individual fraction contributions using o/pf = 3 Gy. In the
EBRT + VBT arm, cumulative EQD2 ranged from 24 Gy to 32.4 Gy across the different boost regimens, whereas in the
VBT arm cumulative EQD2 ranged from 33.6 Gy (4 Gy x 6 fractions) to 70 Gy (6 Gy x 5 fractions).

A clear dose—response relationship was observed. In the EBRT + VBT arm (Table 3), at an EQD2 of 24 Gy only 3.3% of
patients developed grade 1 proctitis and none experienced cystitis, vaginitis or diarrhoea. As cumulative EQD2 rose to 28
Gy, 16.7% developed grade 1 diarrhoea, 3.3% grade 2 diarrhoea, and 6.7% grade 1 cystitis. At the highest cumulative
EQD2 of 32.4 Gy, 13.3% experienced grade 1 and 6.7% grade 2 proctitis, 20% grade 1 cystitis, 16.7% grade 1 and 10.0%
grade 2 diarrhoea, and 3.3% grade 1 vaginitis.
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Table 3. Frequency of acute CTCAE v5.0 grade 1 (G1) and grade 2 (G2) toxicity by cumulative EQD?2 in the

EBRT + VBT arm.
EQD2 (Gy) Proctitis G1/G2 Cystitis G1/G2 | Vaginitis G1/G2 | Diarrhoea G1/G2
24 (n=5) 1(33%)/0 0/0 0/0 0/0
28 (n=8) 0/0 2(6.7%)/0 0/0 5(16.7%) / 1 (3.3%)
28.05(n=2) | 1(3.3%)/0 0/0 0/0 0/0
32.4(n=15) | 4(13.3%)/2(6.7%) | 6 (20.0%)/0 1(3.3%)/0 5 (16.7%) / 3 (10.0%)
Total (1=30) | 6 (20.0%)/2 (6.7%) | 8(26.7%)/0 1(3.3%)/0 10 (33.3%) / 4 (13.3%0)
100 - Dose-response between cumulative EQD2 and acute toxicity — EBRT + VBT arm
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Figure 2. Dose-response relationship between cumulative EQD2 (Gy) and the incidence of any-grade acute proctitis,
cystitis, vaginitis and diarrhoea in the EBRT + VBT arm (n = 30). The frequency of proctitis, cystitis and diarrhoea rose
progressively with increasing EQD2, with the highest rates observed at 32.4 Gy.

In the VBT-alone arm (Table 4), 7.1% of patients treated to EQD2 33.6 Gy experienced grade 1 proctitis and grade 1
vaginitis, without cystitis or diarrhoea. At EQD2 46.75 Gy, 7.1% each developed grade 1 proctitis, diarrhoea and vaginitis.
At the highest cumulative EQD2 of 70 Gy, 14.3% developed grade 1 proctitis, 10.7% grade 1 and 3.6% grade 2 cystitis,
21.4% grade 1 vaginitis and 3.6% grade 2 diarrhoea. No grade 3 or higher acute toxicities were observed in either arm.

Table 4. Frequency of acute CTCAE v5.0 grade 1 (G1) and grade 2 (G2) toxicity by cumulative EQD?2 in the VBT-

alone arm.
EQD2 (Gy) Proctitis G1/G2 | Cystitis G1/G2 Vaginitis G1/G2 | Diarrhoea G1/G2
33.6 (n=2) 1(3.6%)/0 0/0 1(3.6%)/0 0/0
46.25 (n=2) 0/0 0/0 0/0 0/1 (3.6%)
46.75 (n=6) 2(7.1%)/0 0/0 2(7.1%)/0 2(7.1%)/0
70 (n=18) 4(14.3%) /0 3(10.7%) / 1 (3.6%) 6 (21.4%) /0 0/1(3.6%)
Total (n=28) | 7 (25.0%)/0 3(10.7%) /1 (3.6%) | 9(32.1%)/0 2(7.1%) /2 (7.1%)
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Figure 3. Dose-response relationship between cumulative EQD2 (Gy) and the incidence of any-grade acute proctitis,
cystitis, vaginitis and diarrhoea in the VBT-alone arm (n = 28). Grade 1 vaginitis (21.4%) and proctitis (14.3%)
predominated at the highest cumulative EQD2 (70 Gy).

Age, dose per fraction and toxicity

Older patients (>60 years) most frequently received the higher 6 Gy per fraction schedule and consequently accumulated
higher EQD2. Nevertheless, the toxicity profile among elderly women remained predominantly grade 1, indicating that
CT-based dose optimisation kept per-fraction OAR exposure within tolerance despite biologically higher cumulative doses.
Younger patients (<50 years) treated with 4 Gy x 6 or 5 Gy x 3 fractions showed the lowest incidence of any grade toxicity.

Distribution of CTCAE v5.0 acute toxicity grades by treatment arm

EBRT + VBT (n=30) VBT alone (n=28)
100
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Patients (%)
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Grade
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Figure 4. Distribution of CTCAE V5.0 acute toxicity grades stratified by treatment arm. The stacked bars display the
proportion of patients experiencing grade O (green), grade 1 (yellow) and grade 2 (orange) proctitis, cystitis, vaginitis and
diarrhoea in the EBRT + VBT (left) and VBT-alone (right) arms. No grade 3 or higher events were recorded.

SIN=)

DISCUSSION

This prospective, single-institution study demonstrates that CT-based 3D planning for adjuvant vaginal cuff HDR
brachytherapy achieves clinically acceptable volumetric doses to the bladder, rectum and sigmoid colon and is associated
with predominantly low-grade (CTCAE grade 1) acute toxicities. Importantly, a clear dose—response relationship between
cumulative EQD2 and the frequency and severity of proctitis, cystitis and diarrhoea was observed across both treatment
arms, supporting the use of EQD?2 as a clinically meaningful biological metric during treatment planning.2®

The predominance of patients older than 60 years in our cohort mirrors global epidemiological data showing that
endometrial carcinoma is chiefly a disease of post-menopausal women.!,2?” The stage distribution—early-stage 1A/IB
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disease predominating in the VBT arm and more advanced disease (IB deep myoinvasion and stage IlI) in the EBRT +
VBT arm—is consistent with contemporary risk-stratified adjuvant management, wherein high-intermediate risk patients
receive VBT alone (as validated by PORTEC-2) and high-risk patients receive EBRT with a brachytherapy boost,
potentially with chemotherapy as in PORTEC-3 and GOG-249.¢,,1°,28 Our observation that older women were more likely
to receive the higher 6 Gy per-fraction schedule likely reflects clinical preference for a shorter, less resource-intensive
regimen when EBRT is not indicated—a trend also reported by Sabater and colleagues in a European cohort.?*

The volumetric OAR doses reported here compare favourably with published series using CT-based planning. Russo et al.
showed that 2D orthogonal-film-based plans systematically underestimated bladder dose and overestimated rectal dose
relative to 3D plans, and that patient-specific 3D optimisation could identify individuals with dose to critical organs that
would otherwise be missed.t Kim and Beriwal similarly reported that CT-based 3D planning for vaginal cuff
brachytherapy reduced rectal dose without compromising CTV coverage, and identified subsets of patients whose 2D plans
exceeded the prescribed rectal dose.?” Our mean rectal D2cc per fraction (~3.6 Gy) and bladder D2cc (~2.9 Gy) are within
the range reported in these series and remain well below the per-fraction thresholds implied by GEC-ESTRO and
QUANTEC late-toxicity benchmarks for combined EBRT and brachytherapy in gynaecological cancers.??,*!

The dose-response relationship documented in Tables 3 and 4 corroborates radiobiological principles: increasing
cumulative EQD?2 to a normal tissue predictably raises the probability of injury, as originally formulated by the linear-
quadratic model and validated in prospective cohorts of cervical brachytherapy.'s,'*® In the EBRT + VBT arm, patients
receiving 32.4 Gy cumulative EQD2 experienced the highest rates of grade 1-2 proctitis (20%), cystitis (20%) and
diarrhoea (26.7%). In the VBT arm, cumulative EQD2 of 70 Gy—biologically higher than 32.4 Gy but delivered to a
smaller volume and without pelvic scatter—resulted in comparable grade 1 vaginitis (21.4%) and proctitis (14.3%) but no
severe reactions. This is consistent with the pattern reported by Delishaj et al., who found that acute vaginal toxicity after
endovaginal HDR brachytherapy was almost invariably grade 1-2 and largely reversible.3

Our findings echo the well-established quality-of-life advantage of VBT alone over pelvic EBRT for high-intermediate
risk disease. In PORTEC-2, Nout and colleagues showed that patients randomised to VBT had significantly fewer Gl
symptoms and better bowel-related quality of life than those receiving pelvic EBRT, with equivalent vaginal control.” The
ten-year update reaffirmed non-inferior vaginal control and durable quality-of-life benefit with VBT.® The relative rarity
of grade >2 toxicities in our EBRT + VBT arm is likely a consequence of both careful CT-based OAR optimisation during
brachytherapy and the use of modern conformal or intensity-modulated EBRT, both of which have been shown to reduce
late Gl and GU morbidity relative to older 2D techniques.®

For the sigmoid colon—an organ frequently ignored in conventional 2D-based vaginal cuff brachytherapy—our study is
instructive. Post-hysterectomy migration of the small bowel and sigmoid into the pelvis places these structures immediately
adjacent to the vaginal vault, and only volumetric planning permits their identification and dose accounting.’2,13 Our mean
sigmoid D2cc of 1.74 + 0.65 Gy per fraction (EBRT + VBT arm) and 1.90 + 0.66 Gy per fraction (VBT arm) remained
modest, and no severe bowel toxicities were recorded. Gill et al. previously demonstrated that image-based conformal
brachytherapy in medically inoperable endometrial carcinoma allowed similarly acceptable sigmoid dosimetry.3

The consistency of our observations with QUANTEC and GEC-ESTRO dose—volume benchmarks supports contemporary
practice: as long as per-fraction D2cc for bladder, rectum and sigmoid remain below institutional constraints, and
cumulative EQD2 is monitored during combined EBRT and brachytherapy, the risk of grade >3 acute toxicity is very
low.2,2! These data also reinforce ABS and GEC-ESTRO recommendations to report volumetric OAR doses systematically
in all vaginal cuff HDR plans and, wherever feasible, to prefer image-based planning over point-based 2D methods.'4,'s,"?
Several limitations warrant emphasis. First, this is a single-centre prospective study of modest size, and the findings require
validation in multicentre cohorts across different applicator systems and prescription depths. Second, follow-up was
designed to capture acute toxicity at two weeks after brachytherapy; late toxicity, which is the principal determinant of
long-term quality of life, and vaginal control outcomes could not be assessed in this study. Third, patient-reported outcome
measures such as EORTC QLQ-EN24 were not systematically collected. Finally, molecular subtype—now incorporated
into the 2023 FIGO staging system—was not available for most patients and could not be integrated into our
stratification.’,** Future prospective studies should ideally combine CT-based (or MRI-based) volumetric planning with
molecular risk assessment and prospective patient-reported outcomes to define patient-specific thresholds of cumulative
EQD?2 at which acute and late toxicity risk becomes clinically significant.? 3.

CONCLUSION

In this prospective analysis of 58 women undergoing adjuvant vaginal cuff HDR brachytherapy for endometrial carcinoma,
CT-based 3D planning enabled precise volumetric dosimetry to the bladder, rectum and sigmoid colon and produced
predominantly grade 1 acute CTCAE v5.0 toxicity. A clear dose—response relationship between cumulative EQD2 and
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acute proctitis, cystitis, vaginitis and diarrhoea was documented in both the VBT-alone and EBRT + VBT arms, with no
grade 3 or higher acute events observed. Our results support the routine use of image-based 3D planning and EQD2-guided
evaluation for vaginal cuff HDR brachytherapy in endometrial cancer, particularly in resource-limited settings where
transition from 2D to 3D planning is still underway. Larger multi-institutional studies with long-term follow-up and
integration of molecular risk stratification are needed to define individualised EQD2 tolerance thresholds and to refine
adjuvant treatment decisions.
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