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Abstract 
Purpose: This systematic review aimed to assess the feasibility, safety, and efficacy of using modern external beam 

radiotherapy (EBRT) techniques, such as intensity-modulated radiotherapy (IMRT), volumetric modulated arc thera-
py (VMAT), and stereotactic body radiotherapy (SBRT) as alternative approaches to brachytherapy (BRT) in adjuvant 
treatment of endometrial cancer (EC). 

Material and methods: A systematic review was conducted following PRISMA guidelines. The research question 
was framed using the PICO method, focusing on patients with EC [P] and comparing modern EBRT techniques (IMRT, 
VMAT, SBRT) [I] vs. BRT [C], to evaluate their feasibility, safety, and effectiveness, particularly in terms of tumor local 
control (LC) [O]. Both planning and clinical outcomes, including acute toxicity, late side effects, and LC were analyzed 
with quality assessments performed using the GRADE framework and ROBINS-I tool. 

Results: Planning studies revealed that while IMRT and VMAT provided comparable or improved target coverage 
and dose homogeneity compared with BRT, brachytherapy was associated with lower doses to critical organs. Post-op-
erative SBRT and SIB-VMAT studies reported high LC rates (up to 100%) with minimal acute toxicity. However, the 
overall quality of evidence was low to very low, with significant risks of bias, mainly related to participant selection. 

Conclusions: This review highlights that, although modern EBRT techniques, such as IMRT and VMAT are feasible 
alternative approaches to BRT for post-operative vaginal cuff irradiation, the current evidence does not support their 
superiority over BRT. Brachytherapy remains a highly effective treatment modality with well-established benefits. 
Future research should focus on more robust comparisons between EBRT and BRT, considering not only local control 
and toxicity, but also psychological impact and quality of life, especially in low-resource settings, where access to BRT 
may be limited. 
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Purpose
Endometrial cancer (EC) is the most common gyneco-

logical malignancy, with incidence rates rising in many 
countries, especially in those undergoing rapid socio-eco-
nomic changes [1]. Surgery remains the standard treat-
ment for operable EC [2, 3]. Radiotherapy is frequently 
employed as post-operative adjuvant treatment, either 
with brachytherapy (BRT) in vaginal cuff (VC), external 
beam radiotherapy (EBRT) in the pelvis, or a combination 
of both. However, the access to post-operative BRT can be 
limited by various factors, such as high cost, lack of facil-
ities, or insufficient expertise, especially in low-resource 
settings [4]. 

Given these challenges, EBRT techniques replacing 
BRT would be valuable in some centers or specific patient 
populations. Various studies have explored the potential 
of advanced EBRT techniques, such as intensity-modulat-
ed radiotherapy (IMRT), volumetric modulated arc ther-
apy (VMAT), and stereotactic body radiotherapy (SBRT), 
to replicate BRT dose distributions in EC treatment. How-
ever, no randomized trials or systematic reviews compar-
ing BRT and EBRT in this context are currently available. 

Therefore, the current systematic review aimed to 
evaluate the existing evidence of planning and clinical 
studies on the use of EBRT techniques as alternative ap-
proaches to BRT in adjuvant treatment of EC. 

Material and methods 
This review was conducted by a multidisciplinary 

team involving radiation oncologists, gynecologic oncol-
ogists, statisticians, health physicists, and radiotherapy 
technologists. The rationale and concept of this man-
uscript were developed and discussed by the authors 
during a meeting in June 2022. The analysis followed 
the preferred reporting items for systematic reviews and 
meta-analyses (PRISMA) guidelines [5], and the research 
question was framed using the population, intervention, 
comparison, and outcomes (PICO) method as follows: 
“In patients with endometrial carcinoma [P], are modern 
radiotherapy techniques (IMRT, VMAT, SBRT) [I] com-
pared with BRT [C] feasible, safe, and effective in terms 
of tumor local control (LC) [O]?”. 

Endpoints 

The review considered both dosimetric outcomes of 
planning studies (target coverage, dose conformity, dose 
to organs at risk [OARs]) and clinical outcomes (acute 
toxicity, late side effects, and LC). 

Selection criteria 

All English written papers on the use of advanced 
EBRT techniques (i.e., SBRT, IMRT, VMAT) as a replace-
ment for BRT in adjuvant treatment of any stage of EC 
were included. Both planning and clinical studies were 
considered, with no time restriction. Literature reviews, 
editorials, guidelines, case reports, conference abstracts, 
phase I trials, and studies on exclusive therapy, palliative 
treatment, or local/pelvic relapses were excluded. 

Literature search 

Literature search was conducted in August 2022 using 
PubMed, Scopus, and the Cochrane Library databases. 
Three search strategies were employed (Supplementary 
Material 1). Two authors (MF and AMP) independently 
performed the initial screening of titles and abstracts, re-
solving disagreements through a discussion with a third 
party (GM or FD). Subsequently, the selected papers 
were fully reviewed by the same two authors, and any 
discrepancy was resolved in consultation with a senior 
author (AGM). 

Data extraction 

Two authors (MF and AMP) independently extract-
ed data from the selected studies, including radiotherapy 
details (dose, fractionation, target definition, immobili-
zation devices, and timing for boosts), planning results 
(target coverage, dose conformity, and dose to OARs), 
and clinical outcomes (acute and late toxicity, LC, dis-
ease-free survival [DFS], and overall survival [OS]). Data 
were tabulated in Excel sheet and compared. Discrepan-
cies were resolved through a discussion with the senior 
author (AGM). 

Statistical analysis 

The impact of total dose on grade ≥ 2 acute toxici-
ty was analyzed using linear regression, both with and 
without weighting by sample size. A sensitivity analysis 
was planned to exclude any outliers. Due to limited num-
ber of events, no further dose-effect analyses were con-
ducted for grade ≥ 3 acute toxicity, late toxicity, and LC. 

Quality assessment 

The quality of evidence from clinical studies focusing 
on LC as the outcome was evaluated using a checklist for 
quality assessment tool - study limitations (risk of bias), 
based on the GRADE framework [6]. Evidence quality 
was rated as very low, low, moderate, or high based on 
the number of positive responses. Since no randomized 
trials on this subject have been published, the risk of bias 
in non-randomized studies of intervention (ROBINS-I tool) 
[7] was employed to assess the included clinical studies. 
This tool evaluates bias related to confounding factors, 
participant selection, intervention classification, deviations 
from intended interventions, missing data, outcome mea-
surement, and result selection. Two authors (MB and LF) 
independently rated the studies, resolving disagreements 
through a discussion with the senior author (AGM). The 
results were graphically presented using the robvis tool [8]. 

Results 
Search results 

Out of 486 publications retrieved, 8 studies [9-16] 
met the selection criteria and were included in the anal-
ysis (Figure 1). The characteristics and outcomes of these 
studies are summarized in Tables 1 and 2. The detailed 
data on study design, patient demographics, tumor char-
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Fig. 1. PRISMA flow chart 

Records identified through database searching  
(n = 486 from PubMed, Scopus,  

Cochrane Library in August 2022) (n = 486)

Full-text articles assessed for eligibility
(n = 18) 

Studies included in the analysis
(n = 8) 

Records excluded (n = 469)

Full-text articles excluded (n = 10): 
Data on endometrial cancer not separated from other  

gynecological tumors (n = 6) 
Duplicated data of previous series (n = 1) 

Data on exclusive therapy (n = 1) 
Comparisons between 3D conformal therapy  

and IMRT/VMAT (n = 2) 

Records identified through other sources 
(n = 0) 

Record screened (n = 486) 

Table 1. Planning studies comparing external beam radiotherapy and brachytherapy in endometrial cancer

Authors, year [Ref.] Methods Main findings Conclusions 

Aydogan et al., 
2006 [9] 

Comparison between HDR-BRT and 
IMRT in post-operative VC irradiation 
in early EC using a BRT vaginal cylin-

der (10 patients) 

IMRT vs. HDR-BRT: 
– Similar PTV coverage 
– Less dose inhomogeneity 
– Lower rectal Dmax and Dmean 

IMRT may be a viable 
alternative to HDR-BRT 

in this setting 

Grelewicz et al., 
2018 [14] 

Comparison between post-operative 
HDR-BRT and IMRT/ VMAT VC boost 
using a BRT cylinder applicator after 

pelvic node irradiation in resected EC 
(4 patients) 

IMRT/VMAT vs. HDR-BRT: 
–  Better target coverage and dose homo-

geneity 
–  Higher OARs irradiation (bladder, femo-

ral heads, rectum, sigmoid), but within 
dose constraints 

IMRT/VMAT boost pro-
vides acceptable OARs 
doses in this setting 

Yildirim et al., 2019 
[16] 

Comparison between post-operative 
HDR-BRT and VMAT-/ HT-based SBRT 

on VC using a BRT applicator in EC  
(12 patients) 

VMAT-SBRT vs. HT-SBRT vs. HDR-BRT: 
–  VMAT-SBRT: Better dose conformity 
–  HT-SBRT: Better PTV dose homogeneity 
–  HDR-BRT: Lower bladder D2cc, lower 

femoral heads dose, lower body integral 
dose 

SBRT is feasible in this 
setting 

Cilla et al., 2020 [15] Comparison between PO-VMAT/ 
FI-VMAT-based SBRT and HDR-BRT in 
post-operative VC irradiation using 
a BRT applicator in EC (8 patients) 

based on EUD calculation 

PO-VMAT/FI-VMAT vs. HDR-BRT: 
–  More homogeneous dose distribution 
–  Lower rectum and bladder D0.1cc 
–  Mean EUD values for CTV: 136.9%  

(HDR-BRT), 130.0% (PO-VMAT),  
111.0% (FI-VMAT) 

PO-VMAT can mimic 
HDR-BRT dose distri-

bution 

3D-CRT – 3D-conformal radiotherapy, BRT – brachytherapy; Dxcc – dose to x cc of organ, Dmax – maximum dose, Dmean – mean dose, EC – endometrial cancer,  
EUD – equivalent uniform dose, FI-VMAT – full-inverse planning module, HDR – high-dose-rate, HT – helical tomotherapy, OAR – organ at risk, SIB – simultaneous 
integrated boost, PO-VMAT – anatomy-based optimization module, PTV – planning target volume, VC – vaginal cuff, VMAT – volumetric modulated arc therapy, 
Vx% – volume receiving x% of prescribed dose 

acteristics, treatment specifics, outcomes, and toxicity are 
provided in Supplementary Materials (Tables S1 and S2). 

Planning studies 

Three studies compared post-operative treatment of 
VC using IMRT or VMAT vs. BRT [9, 15, 16]. One study 
showed similar target coverage with IMRT and BRT [9]. 

All three studies reported improved dose homogeneity 
within the target using IMRT or VMAT [9, 15, 16]. Addi-
tionally, two studies showed lower doses to the rectum 
[9] or to the rectum and bladder [15] with IMRT/VMAT, 
while another study found lower bladder (and femoral 
head) doses using BRT [16]. Another study compared 
IMRT or VMAT with HDR-BRT for VC boosting after 
post-operative pelvic lymph node irradiation, reporting 
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better target coverage and dose homogeneity with EBRT, 
while increased irradiation of the rectum, sigmoid, blad-
der, and femoral heads [14]. 

Clinical studies 

Four studies evaluated post-operative setting; one 
used a SBRT boost on VC after pelvic irradiation [10], and 
three assessed the outcomes of pelvic irradiation with 
a simultaneous integrated boost (SIB) to VC delivered 
with VMAT [11-13]. 

Local control 

Of the four studies on post-operative radiotherapy, 
one did not report LC outcomes [12], while the others 
reported LC rates of 100% with a median follow-up of  
2 years [10], 100% at 2 years [11], and 98.5% at 3 years [13]. 

Toxicity 

In the four post-operative radiotherapy studies, grade 
≥ 3 acute toxicity ranged from 0.0% to 2.8% (median, 0.0%) 

[11-13]. The incidence of late toxicity was 22.2% (crude 
rate) in a SBRT boost study [10], while in SIB-VMAT stud-
ies, it was 0.0%, with a median follow-up of 26 months 
[11], 7.2% (gastrointestinal) and 0.0% (genitourinary) at  
3 years [13], and not reported in one study [12]. 

The impact of radiotherapy dose on toxicity 

A linear regression analysis of grade ≥ 2 acute gastro-
intestinal and genitourinary toxicity incidence based on 
total SIB dose in three VMAT studies [11-13] in post-op-
erative setting showed a positive correlation with increas-
ing doses (Figure 2A, B).

Quality assessment of the analyzed studies 

The quality of evidence in clinical studies, as assessed 
by the GRADE framework and focusing on LC, was rated 
as very low in one study [10] and low in two studies [11, 
13] (Table S2). All clinical studies included in this review 
demonstrated a critical (1 report) [10] or moderate (two 
reports) [11, 13] risk of bias. The most significant source 

Table 2. Clinical studies on the use of external beam radiotherapy instead of brachytherapy in endometrial 
cancer 

Authors, year [Ref.] Methods Main findings Conclusions 

Demiral et al., 2013 
[10] 

Retrospective evaluation of 18 EC pa-
tients (FIGO I-III) treated with  

LINAC-based SBRT boost to vagi-
nal vault (18 Gy in 3 fractions) after 

post-operative pelvic irradiation  
(45 Gy in 1.8 Gy/ fraction) 

–  Median follow-up: 24 months  
(range, 8-26) 

–  LC: 100% 
–  Grade ≥ 3 acute toxicity: 0.0% 
–  Grade ≥ 2 late toxicity: 22.2% 

LINAC-based SBRT vagi-
nal boost is feasible 

Macchia et al., 2014 
[12] 

Retrospective comparison between  
SIB-VMAT and 3D-CRT-based concom-

itant boost in post-operative pelvic 
lymph nodes plus VC boost in high- 

intermediate risk EC (30 matched pairs) 

–  Median follow-up not reported 
–  SIB-VMAT vs. 3D-CRT: significantly 

lower incidence of acute GI and 
hematological toxicity (any grade, 
CTCAE v. 4.0) 

Reduced acute toxicity 
with SIB-VMAT justifies 

further trials in this 
setting 

Alongi et al., 2015 
[11] 

Prospective evaluation of SIB-VMAT 
in post-operative pelvic lymph node 

irradiation (54 Gy in 30 fractions)  
plus VC boost (66 Gy in 30 fractions)  

in 50 EC patients (FIGO I-III) 

–  Median follow-up: 26 months  
(range, 12-39) 

–  2-year OS and LC: 96% and 100%, 
respectively 

–  Grade ≥ 2 acute GI toxicity: 36.0% 
–  Grade ≥ 2 acute GU toxicity: 48.0% 
–  Grade ≥ 3 acute toxicity: 0.0% 
–  Grade ≥ 2 late toxicity: 0.0% 

SIB-VMAT is feasible  
and well-tolerated in this 

setting 

Macchia et al., 2016 
[13] 

Prospective phase I-II trial to determine 
recommended post-operative SIB-VMAT 

dose in 70 intermediate-/high-risk  
EC patients: 

–  Pelvic dose: 45 Gy in 1.8 Gy/ fraction 
–  VC boost: 55 Gy (2.2 Gy/fraction)  

or 60 Gy (2.4 Gy/ fraction) 
–  Adjuvant chemotherapy administered 

to 44.3% of patients 

–  Median follow-up: 25 months  
(range, 4-60) 

–  3-year recurrence rate: 1.5% 
–  3-year DFS: 81.3% 
–  Grade ≥ 2 acute GI toxicity:  

17.1% (55 Gy), 28.6% (60 Gy) 
–  Grade ≥ 2 acute GU toxicity:  

11.4% (55 Gy), 28.6% (60 Gy) 
–  Grade ≥ 3 acute toxicity:  

0.0% (55 Gy), 2.8% (60 Gy) 
–  Grade ≥ 2 GI late toxicity: 7.2% 
–  Grade ≥ 2 GU late toxicity: 0.0%  

(3-year rates) 

SIB-VMAT is feasible and 
well-tolerated up to  
60 Gy in 25 fractions 

3D-CRT – 3D-conformal radiotherapy, BRT – brachytherapy, DFS – disease-free survival, GTV – gross tumor volume, LC – local control, OS – overall survival,  
SIB – simultaneous integrated boost, VC – vaginal cuff, VMAT – volumetric modulated arc therapy, FFP – freedom from progression 
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Fig. 2. A) Linear regression on the incidence of gastrointestinal acute grade ≥ 2 toxicity. B) Linear regression on the incidence 
of genitourinary acute grade ≥ 2 toxicity
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of bias was participant selection. Traffic-light plot and 
summary plot based on the ROBINS-I tool are presented 
in Figures 3 and 4, respectively. 

Discussion 
Assumptions 

The current review explored the potential of replacing 
BRT with EBRT in the adjuvant treatment of EC patients. 
Interest in this topic has developed from certain disadvan-
tages associated with BRT, especially in patients with cer-
vical or endometrial cancer. BRT can be challenging due 
to patient discomfort, claustrophobia and, in some cases, 
outright refusal of the treatment. Additionally, in patients 
receiving pelvic EBRT followed by a BRT boost to VC, the 
overall treatment duration is significantly extended com-
pared with SIB-based EBRT. In low-resource settings, the 
availability of equipment and expertise may be limited, 
and the cost of periodically replacing radioactive sources 
can be too expensive. Also, unfavorable patient anatomy 
can sometimes render BRT infeasible. Furthermore, the 
inherently inhomogeneous dose distribution of BRT can 

Domains
D1: Bias due to confounding
D2: Bias due to selection of participants
D3: Bias in classification of interventions
D4: Bias due to deviations from intended interventions
D5: Bias due to missing data
D6: Bias in measurement of outcomes
D7: Bias in selection of the reported result 
Judgement     Serious        Moderate        Low 

Fig. 3. ROBINS-I traffic-light plot showing risk of bias in 
non-randomized studies of interventions
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result in a much higher dose to the mucosal surface com-
pared with deeper layers of the vaginal wall. 

Conversely, BRT offers the advantage of being unaf-
fected by organ motion, eliminating the need for margin 
addition to clinical target volume in planning. Clinically, 
BRT has shown excellent results, particularly in post-op-
erative radiotherapy [17]. Dose inhomogeneity of BRT can 
even be advantageous, especially for VC irradiation. For 
example, a pathological study showed that 95% of vaginal 
lymphatic vessels lie within three millimeters of the epi-
thelial surface [18]. Therefore, concentrating the dose on 
superficial layers might be beneficial. One of the analyzed 
planning studies aimed to identify the most appropriate 
EBRT technique to replicate BRT dose distribution [15]. 

Given these factors, a thorough analysis of the evi-
dence supporting the use of EBRT instead of BRT is es-
sential, as conducted in the current review of EC plan-
ning and clinical studies. 

Limitations 
This analysis has several limitations: 1. A small num-

ber of reports were analyzed, with only four clinical stud-
ies; 2. The studies varied in design (planning or clinical); 
3. The results were reported heterogeneously, limiting 
the possibility of quantitative analysis, except for the im-
pact of dose on acute toxicity in patients receiving SIB-
VMAT [11-13]; 4. The quality of evidence in the clinical 
studies, particularly concerning LC, was very low in one 
study [10] and low in two [11, 13], with no clinical trial 
showing a low-risk of bias. Despite these limitations, cer-
tain insights can be drawn from our analysis. 

Irradiation of the vaginal vault only 

Clinical evidence of post-operative VC irradiation 
alone is lacking. However, three planning studies demon-
strated that IMRT or VMAT produce a more homoge-
neous dose distribution compared with BRT [9, 15, 16], 
reducing the dose to the rectum [9, 15] and bladder [15]; 
nevertheless, one study noted greater bladder irradiation 
[16]. Modulated techniques were associated with lower 
dose homogeneity in VC irradiation alone [19]. 

Prophylactic nodal irradiation and boost  
on the vaginal vault 

In cases of pelvic irradiation with a VC boost, one 
planning study using an IMRT/VMAT boost on VC af-
ter pelvic irradiation reported better target coverage and 
dose homogeneity, but also increased OARs’ irradia-
tion compared with BRT [14]. A clinical study on SBRT 
boost to VC after EBRT reported a 0% grade ≥ 3 acute 
toxicity rate and 100% LC rate at a median follow-up of  
24 months, but also a notable 22.2% crude rate of grade 
≥ 2 late toxicity [10]. Therefore, using a sequential EBRT 
boost may not be as safe as BRT boost in this setting. 

In contrast, three clinical trials using SIB-VMAT con-
currently with post-operative pelvic irradiation reported 
LC rates of 98.5-100% [11-13], grade ≥ 3 acute toxicity rates 
of 0.0-2.8% [11-13], an overall late toxicity rate of 0% [11], 
and 0% late genitourinary toxicity and 7.2% late gastroin-

testinal toxicity [13]. These findings suggest that SIB offers 
advantages in patients undergoing pelvic irradiation with 
a VC boost compared with a sequential boost. This benefit 
likely stems from dosimetric advantages of SIB combined 
with radiobiological benefits of a reduced overall treatment 
time, as reflected in high LC rates observed in these trials. 

Conclusions 
Based on the above outlined considerations, we con-

clude that: 
1.  Post-operative EBRT of VC is dosimetrically feasible, 

particularly with IMRT/VMAT techniques [9, 15, 16], 
but dosimetric impact on the bladder remains unclear 
[15, 16]. 

2.  No clinical data are available on adjuvant EBRT of VC 
alone. 

3.  In post-operative prophylactic lymph node irradiation 
combined with a VC boost, using EBRT for the boost 
appears effective and safe only with SIB techniques. 
Based on our dose/effect analysis, a recommended SIB 
dose is 55-60 Gy in 25 fractions or a radiobiologically 
equivalent regimen. 

Finally, our findings align with previous similar lit-
erature review on cervical cancers [20]. Campitelli et al. 
found that while planning studies on EBRT boost in lo-
cally advanced cervical cancers yielded contradictory re-
sults, clinical evidence was very limited [20]. 

In conclusion, our review indicates no evidence for 
the superiority of EBRT-based techniques over BRT in 
EC patients. Therefore, like in other tumors, BRT is likely  
to remain a valuable treatment modality [21]. However, 
in the context of VC irradiation (alone or as a boost fol-
lowing prophylactic nodal irradiation), the present anal-
ysis suggests that further studies are warranted. Indeed, 
in patients undergoing pelvic irradiation with a boost to 
VC, local control rates observed in our review (range, 
98.5-100%) are comparable to those reported after BRT 
(98.5%) [22]. Moreover, the rate of late gastrointestinal 
toxicity (7.2%) in these patients is lower than that report-
ed in patients receiving BRT following pelvic EBRT, with 
toxicity rate of 14.5% [22]. 

Future research can focus on 1. Comparing EBRT and 
BRT not only in terms of LC and toxicity, but also regard-
ing psychological impact and quality of life; 2. Comparing 
different total doses and fractionation schemes in patients 
receiving EBRT, both for VC-only irradiation and VC 
boosts; 3. Assessing the feasibility and outcomes of EBRT 
instead of BRT in EC treatment in low-resource settings. 
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