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Abstract

Vaginal cuff brachytherapy is an essential component of adjuvant post-operative therapy in endometrial carcinoma.
Brachytherapy boost, as a part of adjuvant pelvic radiotherapy, including concomitant chemoradiotherapy combined
with four cycles carboplatin/paclitaxel chemotherapy, is used in early-stage high-risk and advanced stage disease.
This strategy is widely accepted and recommended by international guidelines, despite the fact that combined therapy
has never been verified in randomized trials. Brachytherapy alone is the adjuvant treatment of choice for many patients
with early-stage endometrial cancer, with high-intermediate features, replacing external beam pelvic radiotherapy.
It provides equivalent vaginal control with a lower risk of toxicity, and minimal impact on health-related quality of life.
Available evidence did not demonstrate the superiority of sole vaginal brachytherapy combined with three cycles of
carboplatin/ paclitaxel chemotherapy, over the standard pelvic irradiation for patients with early-stage, high-interme-
diate-, and high-risk endometrial cancer. This article summarized the available evidence on the role of post-operative
vaginal cuff brachytherapy in endometrial cancer patients. Additionally, the risk groups definition, some aspects of
brachytherapy technique, and the importance of pathological and molecular risk factors for endometrial cancer risk
stratification were presented. Furthermore, the role of brachytherapy according to the European Society of Gynecolog-
ical Oncology/European Society for Radiotherapy and Oncology/European Society of Pathology 2021 guidelines for

the management of patients with endometrial carcinoma was presented.
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Purpose

Endometrial carcinoma (EC) is the most common
gynecologic malignancy in developed countries, with
rising incidence and mortality rates [1]. The majority of
EC are classified as type 1, related to exogenous estrogen
exposure, typically with low- (G1) or intermediate-grade
(G2) endometrioid histology (EEC). Most patients are
diagnosed at an early stage (confined to the uterus or
cervix, stage I or II), conveying a generally good prog-
nosis. Approximately, only 15% to 20% of EC patients
have an unfavorable prognosis and, besides loco-regional
relapse, a higher risk of distant metastases, due to high-
grade (G3), advanced stage, or/and non-endometrioid
histologies (NEEC; type 2 EC, considered estrogen inde-
pendent), such as serous, clear cell, or carcinosarcomas
[2]. Hysterectomy with or without lymphadenectomy is
the cornerstone of treatment for most EC patients. Two
large, randomized trials failed to show any survival ben-
efit associated with systemic nodal dissection in EC [3, 4].
However, the detection of pelvic and para-aortic lymph

nodes disease affects staging, prognosis, and, possibly,
post-operative treatment decisions. Based on the FIRES
trial, sentinel lymph node (SLN) mapping is increasingly
employed as a standard-of-care staging to evaluate nodal
spread in EC [5, 6]. The clinical importance of patholog-
ic ultrastaging as a part of SLN mapping to identify iso-
lated tumor cells (ITCs) and micrometastases (American
Joint Committee on Cancer staging sub-categorize ITCs
< 0.2 mm, micrometastases [0.2 to 2 mm], and macrome-
tastases [> 2 mm)]) is not yet defined.

To guide decision-making with regard to adjuvant
treatment and its associated morbidity, risk groups ac-
cording to age, tumor type, and grade, depth of myome-
trial invasion (MI), presence of lymphovascular space in-
vasion (LVSI), and stage were used in EC (Table 1) [2, 7-9].
These standard clinico-pathological risk factors impact on
the risk for loco-regional relapse and distant metastases.
Patients with International Federation of Gynecology and
Obstetrics (FIGO) stage I and II disease are classified as
low- (LR), intermediate- (IR), high-intermediate- (HIR),
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Table 1. Risk groups in endometrial cancer

Risk group As per PORTEC-1 (2000)  As per GOG-99 (2004) [8] As per ESMO/ESGO/ As per ESGO/ESTRO/ESP
[7] ESTRO consensus (2016) [2] statement (2021) [9]
Low Stage | EEC, any age, Stage | EEC, no MI Stage | EEC, G1-2, < 50% MI, Stage | EEC, G1-2, < 50% MI,

G1-2, < 50% M

LVSI negative LVSI negative or focal

Intermediate

Stage | EEC, G1-2, 2 50% M|,
LVSI negative

Stage | EEC, G1-2, 2 50% M|,
LVSI negative or focal
Stage | EEC, G3, < 50% M|,
LVSI negative or focal
Stage | NEEC, no M

Low- Stage | EEC, G1-2, Stage | EEC,
intermediate age < 60y,250% MI not high-intermediate
High- Stage | EEC, G3, Stage | EEC, any age, with  Stage | EEC, G3, < 50% MI,  Stage | EEC, substantial LVSI,

intermediate age> 60y, < 50% MI

all factors: G3, > 66% MI,
and LVSI positive or age
> 50 with any two risk
factors listed above, or age

any LVSI
Stage | EEC, G1-2, any MI,
LVSI unequivocally positive

regardless of G and MI
Stage | EEC, G3, > 50% M|,
regardless of LVSI status
Stage Il

> 70 with any risk factors

listed above
High Stage | EEC, G3, Stage II-IIl EEC Stage | EEC, G3,>50% MI,  Stage IlI-IVA EEC, no residual
> 50% MI Stage I-Ill NEEC any LVSI disease
Stage II-IIl EEC Stage |l Stage |-IVA NEEC, MI present,
Stage |-l NEEC Stage Ill EEC, no residual no residual disease
disease
NEEC
*Stage Il residual disease, *Stage llI-IVA, residual disease
stage IVA Stage IVB
Stage IVB

EEC — endometrioid endometrial cancer, NEEC — non-endometrioid endometrial cancer, Ml — myometrial invasion, G — grade, LVSI = lymph-vascular space invasion,
PORTEC — Post Operative Radiation Therapy in Endometrial Carcinoma trial, GOG — Gynecologic Oncology Group trial, ESMO/ESGO/ESTRO — European Society of
Medical Oncology/European Society of Gynecological Oncology/European Society for Radiotherapy and Oncology, ESGO/ESTRO/ESP — European Society of Gyneco-
logical Oncology/European Society for Radiotherapy and Oncology/European Society of Pathology, *advanced/metastatic disease

and high-risk (HR). It should be mentioned that in com-
parison to the ESMO/ESGO/ESTRO (European Society
of Medical Oncology/European Society of Gynecological
Oncology/European Society for Radiotherapy and Oncol-
ogy) consensus conference, risk category changes, espe-
cially HIR and HR definitions, which have been described
in the most recently published guidelines by the ESGO/
ESTRO/ESP (European Society of Gynecological Oncol-
ogy/European Society for Radiotherapy and Oncology/
European Society of Pathology) [9]. In addition to risk
groups based on traditional features, EC prognostic risk
groups in the molecular classification were presented.

Post-operative radiotherapy (RT) with or without
chemotherapy (CT) carries the risk of morbidity, and
there is no strong evidence of significant benefit in terms
of cancer-related mortality and overall survival (OS). Ad-
ditionally, the optimal adjuvant therapy, including the
form of irradiation and the role of CT, is unclear. The aim
of this article was to summarize and critically analyze the
current available evidence on the role of post-operative
vaginal brachytherapy (VBT) in EC patients, with special
attention to combined RT and CT. Recently published
first trial that addressed adjuvant exclusive VBT with CT
was reported [10]. We also presented VBT fractionation
schedules, the importance of proper pathology review,
and future perspectives in particular risk group stratifica-
tion to further improve patient recruitment for VBT.

Relevant literature was selected in PubMed data-
base. The time period of the research included articles
published from 1980 to January 2021, with no language
restrictions (entries: ‘endometrial cancer’, ‘radiothera-
py’, ‘brachytherapy’, ‘chemotherapy’, ‘chemoradiation/
chemoradiotherapy’, and ‘randomized trial’), followed
by cross-referencing from previously identified studies.
Articles were selected by their relevance to the topic.

Brachytherapy as a part of adjuvant pelvic
radiotherapy and chemoradiotherapy

Pelvic external beam radiotherapy (pEBRT) contin-
ues to be the classical form of RT, having been employed
post-operatively for decades in EC patients. Adjuvant RT
significantly reduces the risk of EC recurrence, specifical-
ly vaginal or pelvic relapse, but has not been shown to
affect OS in any EC patient subset. For early-stage EC, the
benefit of post-operative pEBRT was first demonstrated
by Aalders et al. [11] in 1980 in a trial, which enrolled pa-
tients treated post-operatively with radium VBT, and in
three more recent trials comparing adjuvant pEBRT vs.
observation [7, 8, 12-14]. Of those, VBT boost was used in
only one that included IR and HR (25% and 20%, respec-
tively) EEC patients [12]. VBT was used, in accordance
with local practice, in 53% of all patients, and in 52% in
the observation arm. The two remaining trials, that estab-
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lished the role of pEBRT in local control of early-stage EC,
included PORTEC-1 (Post Operative Radiation Therapy in
Endometrial Carcinoma) and GOG-99 (Gynecologic On-
cology Group), did not employ a VBT boost. These trials
enrolled LR and IR EEC patients. In contrast to GOG-99,
the PORTEC-1 trial excluded HR patients (with > 50% MI,
G3 tumors or cervical involvement), and did not mandate
staging lymphadenectomy. Adjuvant radiation decreases
pelvic recurrence by 50% to 70%; although, the absolute
benefit is limited for patients with LR or IR disease. With-
out RT, the most common site of relapse was the vaginal
vault and less frequently, the pelvic or para-aortic lymph
nodes or distant sites, such as the peritoneal cavity or
lungs [7, 8]. The greatest benefit from adjuvant pEBRT
was achieved in the HIR subset of patients (Table 1).
Long-term outcomes confirm the relevance of HIR cri-
teria for treatment selection and the lack of benefit from
pEBRT in patients with LR and IR [13]. The actuarial lo-
co-regional recurrence (LRR) rates at 15 years were 6%
for pEBRT vs. 15.5% for no additional treatment (NAT)
(p < 0.0001). The most common type of LRR in the NAT
group was vaginal recurrences (11.0% of a total of 15.5%).
Multivariate analysis confirmed the prognostic signifi-
cance of G3, age > 60 years and MI>50% for the risk of LRR.
The 15-year rates of distant metastases were 9% vs. 7%
(p = 0.25), and the OS was 52% vs. 60% (p = 0.14) and 41%
vs. 48% (p = 0.51) for all patients and for those with HIR
criteria, respectively.

Given the risk of distant metastasis in both HR and
HIR early-stage patients and in those with locally ad-
vanced disease, the implementation of adjuvant CT with
or without RT was the subject of investigation. There were
no survival differences between IR or HR (stage I-III)
patients assigned to cyclophosphamide/doxorubicin/
cisplatin (CAP) CT, or sequential CAP with pEBRT than
standard pEBRT alone (without planned VBT) in earlier
trials [15-17]. The more recent trials using CT in addition
to RT are summarized in Table 2. Of note, in these trials,
the use of VBT as a part of RT was left to the discretion of
investigator, and was performed only in 38-58% of cases.

The Nordic Society of Gynecological Oncology/Euro-
pean Organization for Research and Treatment of Can-
cer (NSGO/EORTC/Mario Negri Gynecologic Oncology
Group [MaNGO]) study was a combined analysis of two
independent randomized trials [18]. It was the first trial
to show recurrence-free survival (RFS) improvement with
combined adjuvant RT and CT. There was a significant
clinical heterogeneity between these trials with regard
to clinical risk, tumor histology, sequencing (CT before
or after pEBRT), type of CT, and number of adjuvant CT
cycles. Stage I, II disease was present in 78% of patients,
88% in the NSGO study, and 26% had NEEC. VBT boost
was used in 38% of the study population, equally in both
arms. The addition of adjuvant CT to pelvic RT signifi-
cantly improved the 5-year progression-free survival
(PES) rate, and increased by 45% the risk reduction for
cancer-specific survival (CSS). There was a non-significant
7% benefit in 5-year OS with CT. The subset of patients
with NEEC histology did not seem to benefit from CT,
and there was no difference in treatment effect by stage.

The recently reported PORTEC-3 study evaluated
concurrent chemoradiation (CRT) with outback CT in pa-
tients with HR early-stage and stage III EC [19-21]. This
study included 55% of patients with true (based on up-
front pathology review) HR early-stage disease. Stage III
disease was present in 43% of patients, 25% had NEEC,
and 28% had G3 disease. The VBT boost, used in case
of glandular or stromal cervical involvement, was em-
ployed in both arms in nearly half of the study popula-
tion. The addition of CT led to a significant improvement
of the 5-year failure-free survival (FFS) rate and PFS, with
a trend towards improved OS. Vaginal recurrence was
developed in 2.1% of the patients in both arms. On subset
analysis, the FFS benefit for CT was greatest for patients
with stage III disease (consisting of a large proportion of
the study population), and did not extend to stage I and
I disease. Patients with serous cancer, who represented
16% of the study group, had significantly lower FFS rate
than those with other histologic sub-types. A majority of
recurrences were at distant sites. The rate of isolated pel-
vic recurrence was low (1% and 2% with and without CT,
respectively), reflecting the impact of RT in both arms.
Adverse events (AEs) were significantly more common
in the CRT arm (61% vs. 13% grade 3 and 4). Grade 2
AEs were also more common in the CRT arm; grade 2 or
worse neuropathy at 5 years occurred in 6% vs. 0% of the
patients, respectively [19].

The GOG-258 trial compared CRT used in the
PORTEC-3 trial, with CT consisting of carboplatin/pacli-
taxel alone in a group of locally advanced EC [22]. Nearly
75% of the patients presented EEC with lymph-node in-
volvement, and the majority of patients underwent full
staging. The VBT boost allowed in the CRT arm was per-
formed in 58% of the cases. In the CT arm, 85% of the
patients received all six cycles. After a median follow-up
of 47 months, significantly higher rates of pelvic and
para-aortic nodal recurrences were seen in the CT arm,
whereas in the CRT arm, there was a trend towards more
distant metastases as a first relapse. There were no differ-
ences between the arms regarding RFS and OS, and the
acute toxicity was lower with CRT. Severe AEs, mostly
gastrointestinal (GI), blood, and bone marrow, and con-
stitutional symptoms occurred in 58% and 63% of the pa-
tients. This trial included 18% of serous cancers cases, but
sub-group analysis did not identify a sub-set that may
have benefited from CRT compared to CT.

Brachytherapy as a sole form of adjuvant
radiotherapy

The findings from the PORTEC-1 and GOG-99 tri-
als reported that 70% of loco-regional recurrences in the
observation arm were isolated vaginal recurrences, and
were the base for exploring a strategy of adjuvant VBT
alone. In LR (FIGO 1988; stage IA-B, G1-2) EEC, there was
no impact of post-operative VBT on the overall recurrence
rate (4% in total), including vaginal (1.2% vs. 3.1% in the
control group; p = 0.114) [23]. There was also no survival
improvement. Randomized trials of post-operative VBT
alone or combined with CT for EC patients with risk fea-
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Table 2. Recent randomized trials of pelvic external beam radiotherapy combined with chemotherapy for
endometrial cancer patients treated with total abdominal hysterectomy with bilateral salpingo-oophorectomy

Study

MaNGO ILIADE-IIl and NSGO/
EORTC, 2010 [18]

PORTEC-3, 2016 [19-21]

GOG-258, 2019 [22]

Study population
(number of cases)

FIGO (1988) stage |, IIA, I11A3,
lick EC
NSGO/EORTC (n = 378) I-IlI
EC with risk factors (G3, deep
invasion, or NEEC), 90% had
stage | Italian trial: n = 156,
stage Il, IIl EEC
(n =534)

FIGO (2009) stage | EEC with HR
factors (G3 with deep invasion or
extensive LVSI), excluding CS,
stage I, Il EEC, stage I-IIl NEEC
43% had stage Il
28% had G3 EEC
(n = 660)

FIGO (2009) stage |lI, IVA EC, excluding
CS, stage I, I NEEC with positive peri-
toneal washing
Up to 2 cm of residual disease
post-surgery allowed; nearly 98% had
no gross residual disease
(n=736)

Histology

Endometrioid (71%)
Serous (14%)
Clear cell (12%)

Endometrioid (75% and 74%)
Serous (16% and 16%)
Clear cell (9% and 10%)

Endometrioid 68.6% and 70.7%
(totally G1 45.7%, G2 60%, G3 34%)
Serous (17.8% and 17.8%)
Clear cell (2.7% and 3.3%)

Nodal staging Optional Optional® Optional
LND in 26% LND in 57% and 58% LND in more than 94%
Risk group HR HR HIR and HR

Randomization

pEBRT (> 44 Gy) vs. sequential
pEBRT + CT (platinum-based)®
4 cycles or 3 cycles of doxoru-
bicin/cisplatin (Italian study)

pEBRT (48.6 Gy/1.8 Gy fx) vs. CRT
(PEBRT with 2 x CP), followed by CT
carboplatin AUC 5/paclitaxel
175 mg/m?/3 h g 21 days x 4 cycles

CRT (45 Gy pEBRT with 2 x CPf),
followed by CT carboplatin AUC 5-6/
paclitaxel 175/mg/m?/3 h with G-CSF

support g 21 days x 4 cycles vs. CT
carboplatin AUC 6/paclitaxel
175 mg/m?/3 h, q 21 days x 6 cycles

VBT boost Overall in 38% 46% and 48% 58% in CRT arm only
RT arm: 39% and 28% (HDR 10 Gy/5 mm/2 fx)
RT + CT arm: 44% and 31%
in EORTC and ltalian trial,
respectively
Results 5-y PFS 69% vs. 78% for 5-y PFS 69% vs. 76% for 5-y RFS 59% vs. 58% for CT

RT + CT (HR = 0.63, p = 0.009)
5-y OS 75% vs. 82% for
RT + CT (HR = 0.69, p = 0.07)
Endometrioid sub-set:
PFS 69% vs. 80% with RT + CT
(HR = 0.5, p = 0.03) Serous/
clear cell sub-set: no PFS ben-
efit (HR = 0.8, p = 0.6)
LRR 16% vs. 12% for RT + CT
DM 74% vs. 81% for RT + CT

CRT (HR = 0.7, p = 0.016)
5-y OS 76% vs. 81% for
CRT (HR = 0.7, p = 0.034)
5-y FFS 58% vs. 71% for CRT for
stage Ill (HR = 0.61, p = 0.011),
77% vs. 81% for CRT (HR = 0.87,
p = 0.54) for stage | and Il
Pelvic recurrence: 8.8% vs. 5.5% for
CRT (HR = 0.63, p = 0.11)
DM 29.4% vs. 22.1% for CRT
(HR = 0.75, p = 0.057)

(HR = 0.9)

5-y OS 70% vs. 73% for CT (NS)
Vaginal recurrence: 2% vs. 7% for
CT (HR = 0.36)

Pelvic and para-aortic lymph-node
recurrence: 11% vs. 20% for
CT (HR = 0.43)

DM 27% vs. 21% for CT (HR = 1.36)

@ lJA — only positive peritoneal fluid cytology, ® IlIC — only positive pelvic lymph nodes without macroscopic residual tumor, © lymph node debulking and para-aortic
lymph node sampling recommended in cases of macroscopic-positive lymph nodes, @ pelvic and para-aortic biopsy or dissection, median number of 13 pelvic and
3 para-aortic nodes removed, € doxorubicin/epirubicin with cisplatin (vast majority), paclitaxel/carboplatin, doxorubicin/cisplatin/carboplatin doxorubicin/paclitaxel,
fcisplatin 50 mg/m? on day 1 and 29 of RT with volume-directed EBRT 45 Gy, IMRT (intensity-modulated radiotherapy) in 30%, EC — endometrial cancer, G — grade,
NEEC — non-endometrioid endometrial cancer (serous or clear cell histology); EEC — endometrioid endometrial cancer, HR — high-risk, LVSI — lymph-vascular space
invasion, CS — carcinosarcoma, LND — lymph node dissection, HIR — high-intermediate-risk, pEBRT — pelvic external beam radiotherapy, CT — chemotherapy, fx — frac-
tions, CRT — concomitant chemoradiotherapy, CP — cisplatin 50 mg/m? on day 1 and 29 of RT, AUC — area under curve, G-CSF — granulocyte colony-stimulating factor,
q — every, VBT — vaginal brachytherapy, RT + CT — radiotherapy combined with chemotherapy, HDR — high-dose-rate, PFS — progression-free survival, HR — hazard
ratio, OS — overall survival, LRR — loco-regional recurrence, DM — distant metastasis, FFS — failure-free survival, RFS — recurrence-free survival

tures are presented in Table 3. The PORTEC-2 trial com-
pared pEBRT and VBT in patients with early-stage EEC
with HI risk features [24-26]. Exclusion criteria included
serous or clear cell carcinoma, staging lymphadenecto-
my, and > 8 weeks interval between surgery and RT. Sus-
picious lymph nodes found at surgery were selectively
removed. After 5 years, the rates of vaginal recurrence in
both treatment’s arms were low (1.8% for VBT and 1.6%

for pEBRT), without a difference in OS and disease-free
survival (DFS) [24]. VBT was associated with a greater
risk of pelvic (non-vaginal) recurrence compared to pel-
vic radiation (3.8% vs. 0.5%), but with a lower risk of GI
toxicity (acute grade 1 and 2 in 12.6% vs. 53.8%, respec-
tively) and improved quality of life. The 10-year vaginal
recurrence rate in the entire study population was 3.4%
and 2.4%, respectively (p = 0.55) [26]. Although the risk
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Table 3. Recent randomized trials of vaginal brachytherapy alone or combined with chemotherapy for endo-
metrial cancer patients with risk features, treated with total abdominal hysterectomy with bilateral salpingo-

oophorectomy
Study Swedish, 2009 [27, 28] PORTEC-2, 2010 [24-26] GOG-249, 2019 [10]
Study population FIGO (1988) stage | EEC with at FIGO (1988) stage | EEC FIGO (2009) stage | EEC with
(number of cases) least one medium risk factor (G1-2, 2 50% M, age > 60y, or G3, high-intermediate risk factors
(>50% MI, G3, nuclear aneuploidy) < 50% MI, age > 60 y), stage IIA, (risk factor: > 70 y and one,
>50% Ml in 52.7% and 55.1% any age except G3 and > 50% MI > 50y and two, > 19y, and three
G1in 36.4% and 39.2% (n=427) of the following risk factors: G2-3,
G2 in 50.8% and 49.8% > 50% M, LVSI +), stage Il EEC,
G3in 12.9% and 11% stage |-Il NEEC
(n=527) (negative peritoneal cytology)
stage | in 75%, stage Il in 24.6%
(n=601)
Histology Endometrioid Endometrioid Endometrioid (71%; G1 17.6%,
G2 35.3%, G3 20.8%)
Serous (14.6%)
Clear cell (4.7%)
Risk group Mediuma HIR HIR, HR
Nodal staging LN sampling No routine; sampling of suspicious Bilateral pelvic and para-aortic LND
LN as recommended done in 90%P
Randomization VBT + pEBRT (46 Gy/1.8-2 Gy) PEBRT (46 Gy/2 Gy) vs. VBT PEBRT (45-50.4 Gy/1.8 Gy)¢, 32% re-
ceived VBT boost vs. VBT followed
by CT carboplatin AUC 6/paclitaxel
175 mg/m?/3 h, g 21 days = 3 cycles
VBT HDR 3 Gy for 6 fx or 5.9 Gy for 3 fx, HDR 21 Gy in 3 fx of 7 Gy, or an HDR 6 to 7 Gy/3 fx at 5 mm depth,
or LDR 20 Gy/1 fx, at 5 mm depth  equivalent dose using LDR or MDR, or 10 to 10.5 Gy/3 fx, or 6 Gy/5 fx at
at 5 mm depth the vaginal surface, or LDR 65 to
70 Gy/1-2 fx at the vaginal surface
Results 5-y crude rates of recurrence of 5-y rates of vaginal recurrence 5-y cumulative incidence of pelvic
5.7% for pEBRT + VBT vs. 10.3% for of 1.6% vs. 1.8% for VBT or para-aortic nodal recurrences of
VBT alone (p = 0.052) (HR=0.78, p = 0.74) 4% for RT vs. 9% for VBT + CT
5-y LRR 1.5% for pEBRT + VBT 5-y LRR (vaginal or pelvic recur- (HR =0.47)
vs. 5% for VBT alone (p = 0.013) rence, or both) 2.1% vs. 5.1% for No difference in incidence of DM
5-y OS 89% for EBRT + VBT vs. 90% VBT (HR = 2.08, p = 0.17) (18%) (HR of EBRT relative to VBT
for VBT alone (p = 0.548) 10-y pelvic recurrences 0.9% vs. +CT, 1.0)
DM 4.6% for EBRT + VBT vs. 6.5%  6.3% for VBT (p = 0.004), of these
for VBT alone (p = 0.334) 0.5% vs. 2.5% were isolated pelvic
relapse (p = 0.10), the remaining
combined with DM
10-y DM 8.9% vs. 10.4% for VBT
(p = 0.45)
10-y 0S 69.5% vs. 67.6% for VBT
(p=0.72)
Vaginal recur- 5-y crude rates of vaginal recur- 10-y vaginal recurrence in 2.4% No difference in incidence of vagi-
rence rence of 1.9% for pEBRT + VBT vs.  and 3.4% for VBT (p = 0.55) in the  nal recurrences (2.5%) (HR of EBRT
2.7% for VBT alone (p = 0.555) whole group and of 3.1% and 2.7% relative to VBT + CT, 1.0)

for VBT in the confirmed HIR group

2 medium-risk group definition, including neither low-risk nor high-risk cases, ® nodal spread excluded with computed tomography or magnetic resonance imaging
in 10%, € using “box” technique 3D (three-dimensional) conformal or IMRT (intensity-modulated radiotherapy), EEC — endometrioid endometrial cancer, G — grade,
MI- myometrial invasion, LVSI — lymph-vascular space invasion, NEEC — non-endometrioid endometrial cancer (serous or clear cell histology), HIR — high-interme-
diate-risk, HR — high-risk, LN — lymph nodes, LND — lymph node dissection, pEBRT — pelvic external beam radiotherapy, VBT — vaginal brachytherapy, CT — chemo-
therapy, AUC — area under curve, q — every, HDR — high-dose-rate, fx — fractions, LDR — low-dose-rate, MDR — medium-dose-rate, LRR — loco-regional recurrence,
HR — hazard ratio, DM — distant metastasis, OS — overall survival

of pelvic recurrence was significantly higher in the VBT  rates of distant metastases and OS. In the confirmed HIR
group (6.3% vs. 0.9%), the majority of these patients pre-  cohort, the 10-year vaginal recurrence rates for VBT vs.
sented with simultaneous distant metastases, resultingin ~ pEBRT were 2.7% and 3.1%, respectively (p = 0.78), and
similarly low rates of isolated pelvic recurrence in both  the pelvic recurrence rates 7.4% and 1.2%, respectively
treatment’s arms. There were no differences in 10-year  (p = 0.01). Analysis of the long-term results within the
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HIR-confirmed population showed no significant dif-
ferences compared to the intention to treat analysis. The
long-term results of the PORTEC-2 trial confirmed VBT
as the post-operative treatment of choice for HIR EC.
Pelvic EBRT may provide better pelvic control in a small
sub-group of patients with unfavorable risk factors (sub-
stantial LVSI, LICAM [L1 cell adhesion molecule] expres-
sion or p53 expression).

A Swedish and Norwegian Radium Hospital tri-
al compared VBT alone versus pEBRT combined with
a VBT boost in patients with medium-risk EEC, and as
defined by authors, included neither LR nor HR cases
[27, 28]. After a median follow-up of 62 months, pelvic
recurrences (exclusively vaginal) were reduced by 93%
by the addition of EBRT to VBT. The 5-year loco-regional
relapse rates were 1.5% vs. 5%, with crude rates of vagi-
nal recurrence of 1.9% vs. 2.7%, respectively. Significant
loco-regional control benefit with combined RT did not
translate into OS improvement and quality of life results
that favored sole VBT. Deep MI, but not grade or DNA
ploidy, was a significant prognostic factor in this medi-
um-risk group of EEC patients. Both therapies were well
tolerated, with serious (grade 3) late AEs of less than 2%.
There was, however, a significant difference in favor of
VBT alone.

In the recent GOG-249 phase III superiority trial, pa-
tients with early-stage HI- and HR-EC were randomly as-
signed to pEBRT, with either standard 4-field techniques
3D conformal or intensity-modulated radiotherapy
(IMRT) alone, or VBT followed by three cycles of carbo-
platin/ paclitaxel CT (VBT + CT) [10]. HIR was defined by
the GOG-99 criteria. Of the enrolled patients, 20% had G3
EEC, 15% serous, and 5% clear-cell carcinoma. A cuff BT
boost permitted in the cases with cervical involvement or
serous or clear cell histology, was performed in 32% of the
patients. CT began up to 3 weeks from VBT initiation. At
a median follow-up of 53 months, there was no difference
in RFS or OS between treatment’s arms, and VBT with CT
was associated with more frequent and severe (> grade 3
in 13% and 12%) acute toxicity. CT also led to higher rates
of neurotoxicity (returned to baseline at 14 months) and
fatigue compared with pEBRT; these findings are in line
with the PORTEC-3 study. Pelvic or para-aortic nodal re-
currences were more common with VBT plus CT (9% vs.
4%), although 90% of the patients experienced a negative
staging lymphadenectomy. Vaginal or distant recurrenc-
es within 5 years after finishing the treatment developed
in approximately 2.5% and 18% of the patients in each
arm, respectively. As CT was less effective than pelvic
radiation in providing loco-regional control and did not
decrease the risk of distant metastases, the authors con-
cluded that pEBRT should remain the standard adjuvant
treatment for early-stage HR disease. Beside the heterog-
enous patients’” population by tumor sub-type, the only
three cycles of systemic therapy administered in this trial
could be considered to be sub-optimal.

Vaginal brachytherapy technique

VBT should be applied as soon as the vaginal cuff is
healed, preferably 6-8 weeks after surgery, and no later

than 12 weeks. The dose depends on the use of pEBRT,
and should be prescribed to the vaginal surface or at
a depth of 5 mm from the vaginal surface. Whenever
available, image-guided RT should be used. The optimal
VBT fractionation schedule, especially used as monother-
apy, and the extent of vaginal treatment volume remain
to be established. In general, the target for VBT after hys-
terectomy should be no more than the upper two-thirds
of the vagina, and its longer segment may be treated in
selected cases, including those with extensive LVSI or
positive margins [29].

In the above-mentioned trials, exclusive VBT was de-
livered with a vaginal cylinder to the proximal half or the
proximal two-thirds of the vagina in the PORTEC-2 and
Swedish trials, respectively. Vaginal treatment length
was not specified, but was generally 3 to 5 cm in the
GOG-249 study [10]. High-dose-rate (HDR) (85%), medi-
um-dose-rate (MDR, 1 Gy/h), and low-dose-rate (LDR)
(0.5-0.7 Gy/h) equipment was employed, and the total
dose of 21 Gy with 7 Gy per each fraction, delivered once
a week was prescribed at 5 mm depth in the PORTEC-2
trial [24]. The total doses in the Swedish study ranged be-
tween 17.7 and 20 Gy (EQD2,, the equivalent dose in 2 Gy
fractions, a/ {3 =10), with 19.5 to 23.5 Gy at a depth of 5 mm
and 29.3 to 35.3 Gy at the surface of the applicator, and
were delivered with HDR or LDR (one center) equipment
[27]. In the GOG-249 trial, the patients assigned to VBT +
CT received cuff VBT during a HDR or LDR (4-10 Gy/h),
prescribed at 5 mm depth or at the vaginal surface [10].

The most commonly employed VBT regimen is that
proposed by the PORTEC-2 trial, including 21 Gy with
three 7 Gy fractions, delivered once a week using 1%’Ir
HDR unit. However, there is a large variability in frac-
tionation, total dose, and dose intensity [30-32]. Samples
of applied fractionation of exclusive HDR-VBT reported
in the literature, and the volume of vagina treated are
presented in Table 4 [24, 33-38]. The shortened overall
treatment time of exclusive VBT consisting of 21 Gy to-
tal dose at 5 mm in 3 fractions, every other day, for one
week, was reported as safe [34].

The recent National Comprehensive Cancer Network
(NCCN) guidelines for exclusive HDR-VBT, apart from
7 Gy x 3 fractions prescribed at a depth of 5 mm from the
vaginal surface, also smaller fraction sizes, e.g., 6 Gy x
5 fractions or 5.5 Gy x 4 fractions were included, which
may limit toxicity in selected cases [29]. When HDR-VBT
is used as a boost to EBRT, 2 to 3 fractions of 4-6 Gy pre-
scribed to the vaginal mucosa are commonly used.

Improving patient selection for brachytherapy

Tumor pathology is crucial for risk stratification in EC.
In the PORTEC-1 and 2 trials, pathology review showed
that 24% and 14% of patients, respectively, were in retro-
spect ineligible, compared to 8% for the PORTEC-3 trial
[14, 26, 39]. Differences in eligibility were often caused by
the shift from G2 to G1. In the PORTEC-1 study, central
pathology review showed G1 disease in 60% compared
to 21% in local assessment. For HR-EC in the PORTEC-3,
central upfront pathology review changed histological
type, grade, or other characteristics in 43% of the patients
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Table 4. Schedules of post-operative high-dose-rate vaginal brachytherapy (HDR-VBT) used as monotherapy

in endometrial cancer patients

Author [ref.] Dose/fractionation/prescription

Frequency Volume of vagina treated

Alektiar et al. [33] 7 Gy or 6 Gy x 3 fx/5 mm

g 2-week Upper half to two-thirds?

De Sanctis et al. [34] 7 Gy x 3 fx/5 mm

q 2-day (one week) Upper third (3 cm)

Horowitz et al. [35] 7 Gy x 3 fx/5 mm

g 2-week Proximal 5 cm

Laliscia et al. [36] 7 Gy x 3 fx/5 mm

q week Proximal 5 cm

Landrum et al. [37] 7 Gy x 3 fx/5 mmP

q at least 72 hours Upper half (3-5 cm)

Nout et al. [24] 7 Gy x 3 fx/5 mm

q week Upper two-thirds

Sunil et al. [38] 6.5 Gy x 4 fx/5 mm

q week Upper half

@ for grade 3 tumors, most of the vaginal length was treated, ? plus chemotherapy (carboplatin/paclitaxel), HDR-VBT — high-dose-rate vaginal brachytherapy,

q —every, fx — fractions

[39]. The greatest discrepancies between original and cen-
tral pathology were found for the histological type (15%)
and grade (20%).

LVSIis associated with the risk of (microscopic) nodal
metastases, higher rates of both pelvic and distant failures,
and lower survival, both in the presence and absence of
lymph node metastases [40]. Using a 3-tiered approach,
any degree of LVSIwas identified in approximately 14 % of
the patients in the PORTEC-1 and 2 studies [41]. The pres-
ence of substantial diffuse or multifocal (not focal) LVSI
found in 4.8% of the patients, had the strongest impact
on the risk of distant metastasis (hazard ratio (HR) = 4.5),
and was an independent prognostic factor for pelvic re-
gional recurrence (HR = 6.2). Of note, VBT (as studied in
PORTEC-2) did not impact the risk of recurrence in this
cohort, justifying the exploration of systemic treatment
options. The 10-year follow-up of the PORTEC-2 study
found that beside extensive LVSI, higher p53 expression
and L1CAM expression were associated with higher rates
of pelvic recurrence and distant metastases [26]. Central
pathology review performed in 97.4% of the enrolled
patients (combined with molecular analysis) confirmed
HIR status in 82.7% of PORTEC-2 cases, while 8.2% and
9.1% were HR and LR, respectively. Among confirmed
HIR patients, a sub-group of 50 women presented with
any of the unfavorable risk features, including substantial
LVSI, p53-mutant and/or LICAM expression, with 17.2%
in the VBT group and 12% in the pEBRT group [26]. In
the confirmed HIR patients, substantial LVSI was found
to be a very strong independent risk factor for pelvic and
distant recurrence (HR = 8.73, p = 0.005, and HR = 5.36,
p = 0.001, respectively), and for EC-related survival
(HR =7.16, p < 0.001), LICAM expression and p53-mu-
tant expression were significant prognostic factors for dis-
tant recurrence (HR = 5.05, p = 0.006) and CSS (HR = 3.3,
p = 0.015). The proportion of patients with LVSI was not
reported in the GOG-249 trial that assessed VBT in com-
bination with CT [10]. Currently, LVSI status is a required
component of the standard pathology report [9]. It should
be unequivocal, and reported as focal or extensive/sub-
stantial (multifocal or diffuse arrangement of LVSI or
presence of tumor cells in five or more vessels).

Since 2013, based on a comprehensive molecular/ ge-
netic analysis of EC (EEC as a vast majority of cases) of
Cancer Genome Atlas (TCGA), four molecular sub-class-
es were defined, such as POLE-mutated (mutations in

the exonuclease domain of DNA polymerase epsilon
gene) with exceptionally good prognosis, TP53-mutated
serous-like cancers with unfavorable prognosis, and in-
termediate prognosis cancers with microsatellite instabil-
ity or without specific molecular profile [42]. Apart from
p53 expression as a surrogate marker, microsatellite in-
stability (MSI) can be assessed by immunohistochemical
(IHC) loss of one or more of the MMR (mismatch repair)
proteins. MMR-deficient tumors are known to be highly
immunogenic with upregulation of immune checkpoints
including the programmed death 1 (PD-1) pathway.
ProMisE (proactive molecular risk classifier for endome-
trial cancer) that evaluates MMR and p53 by IHC, and
sequencing of the exonuclease domain of POLE, may
provide prognostic information [43]. Its predictive ability
must be verified in a prospective manner. According to
the authors of the ESGO/ESTRO/ESP 2021 guidelines,
the decision to use molecular classification in all EC cases
in the sub-set of G3 or HR tumors or in none of the cases,
depends on the availability of resources and the decision
of a multi-disciplinary team of each center [9]. If avail-
able, molecular classification data, including information
regarding the methods used for IHC as well as for POLE
mutation analysis, should be integrated into conventional
pathologic diagnosis.

Conclusions

The VBT boost is a part of adjuvant pelvic RT, includ-
ing concomitant CRT combined with four cycles of car-
boplatin/ paclitaxel CT. This strategy is widely accepted
and recommended by international guidelines. However,
combined irradiation for patients with early-stage dis-
ease with HR features and advanced disease, has never
been verified in a randomized trial. Available evidence
supports VBT alone as the adjuvant treatment of choice
for patients with stage I EC with HIR features or occult
stage II disease. It provides equivalent vaginal control
with a lower risk of toxicity compared to pEBRT. VBT
alone was a more non-toxic alternative to combined RT in
the adjuvant treatment in a trial that enrolled patients de-
fined as medium-risk. The superiority of VBT combined
with three cycles of carboplatin/ paclitaxel CT over the
standard pEBRT in early-stage EEC with HI- and HR fea-
tures, was not demonstrated. Besides proper pathology,
incorporation of additional (including molecular) risk
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Table 5. The role of vaginal cuff brachytherapy in the adjuvant therapy by the European Society of Gyneco-
logical Oncology/European Society for Radiotherapy and Oncology/European Society of Pathology (ESGO/
ESTRO/ESP) 2021 guidelines for the management of patients with endometrial carcinoma [9]

FIGO  Histology/ LvSI2 Risk Adjuvant therapy options (¥), ** VBT indications (*)
stage grade group®
(2009)
IA EEC No/focal LR No adjuvant treatment is recommended
G1-2 {1, A)
Substantial ~ HIR pNO — EBRT can be considered (I, B); pNO — adjuvant VBT is recommended to
CT can be considered; Omission of any decrease vaginal recurrence (I1, B)
adjuvant treatment is an option®
cNO/pNX — EBRT is recommended (I, A);
Additional CT can be considered (I, B)
EEC No/focal IR VBT (I, A) or no adjuvant treatment (Ill, C) VBT alone (I, A); Omission of VBT can be
G3 considered (lll, C), especially for patients
aged < 60 years (II, A)
Substantial ~ HIR pNO — EBRT can be considered (I, B); pNO — adjuvant VBT is recommended to
CT can be considered; Omission of any decrease vaginal recurrence (1l, B)
adjuvant treatment is an option®
cNO/pNX — EBRT is recommended (I, A);
Additional CT can be considered (II, B)
IB EEC No/focal IR VBT (I, A) or no adjuvant treatment (Ill, C) VBT alone (I, A);
G1-2 Omission of VBT can be considered (Ill, C),
especially for patients aged < 60 years
(1, A)
Substantial ~ HIR pNO — EBRT can be considered (I, B); CT ~ pNO —adjuvant VBT is recommended to
can be considered (II, C); Omission of any decrease vaginal recurrence (ll, B)
adjuvant treatment is an option (IV, )¢
cNO/pNX — EBRT is recommended (I, A);
Additional CT can be considered (ll, B)
EEC Any LVSI HIR pNO — EBRT can be considered for sub- pNO — adjuvant VBT is recommended to
G3 stantial LVSI (I, B); CT can be considered, decrease vaginal recurrence (1l, B)
especially for substantial LVSI (Il, C)
Omission of any adjuvant treatmentis an  ¢cNO/pNX — VBT alone can be considered
option (IV, )¢ for LVSI negative (Il, B)
cNO/pNX — EBRT is recommended, espe-
cially for substantial LVSI (I, A); Additional
CT can be considered, especially for
substantial LVSI (11, B)
I EEC Any LVSI HIR pNO — EBRT can be considered (I, B); CT ~ pNO —adjuvant VBT is recommended to
can be considered especially for G3 and/ decrease vaginal recurrence (Il, B)
or substantial LVSI (ll, C); Omission of any
adjuvant treatment is an option (IV, C)¢
cNO/pNX — EBRT is recommended (I, A); ~ c¢cNO/pNX — VBT alone can be considered
Additional CT can be considered, espe- for G3 LVSI negative and for G1 (Il, B)
cially for G3 and/or substantial LVSI (II, B)
1, IVA EEC Any LVSI HR EBRT + concurrent and adjuvant or se- VBT boost can be considered, especially
quential CT are recommended (I, B); for substantial LVSI, endocervical stromal
CT alone is an alternative option (I, B) invasion, and/or stage IlIB, IlIC
IA, NEEC Any LVSI IR VBT only or CT (with or without VBT);
no Ml Omission of VBT can be considered (111, C)
1L 1, NEEC Any LVSI HR EBRT + concurrent and adjuvant or se- VBT boost can be considered, especially
IVA quential CT are recommended; CT alone  for substantial LVSI, endocervical stromal

is an alternative option

invasion, and/or stage IlIB, IlIC

EEC — endometrioid endometrial cancer, NEEC — non-endometrioid endometrial cancer, LVSI — lymphovascular space invasion, LR — low-risk, HIR — high-intermedi-
ate-risk, IR — intermediate-risk, HR — high-risk, pNO — surgical nodal staging performed, node negative, pNX — no surgical nodal staging performed, EBRT — external
beam radiotherapy, CT — chemotherapy, MI — myometrial invasion, VBT —vaginal cuff brachytherapy, @ substantial LVSI defined as multifocal or diffuse arrangement
of LVS! or the presence of tumor cells in five or more lymphovascular spaces, ® risk groups by ESGO/ESTRO/ESP, € only when close follow-up is guaranteed to ensure
detection and prompt treatment of recurrence at an early stage, *levels of evidence, grades of recommendations according to an adapted version of the Infectious
Diseases Society of America-United States Public Health Service Grading System, **in case of known molecular classification: for stage I, Il POLEmut (polymerase
mutated) — omission of adjuvant treatment should be considered, for p53abn (p53 abnormal) carcinomas restricted to a polyp or without MI, adjuvant therapy is
generally not recommended, p53abn carcinomas with M1 should be considered as HR
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factors may improve the current risk classification of EC,
enabling identification of patients who may benefit the
most from particular forms of adjuvant therapy, includ-
ing VBT.

What is of significance, as compared to other common
malignancies, there have been relatively few randomized
trials addressing the post-operative therapy in EC. Fur-
ther, there has been significant clinical heterogeneity of
enrolled cohorts, regarding clinical risk, such as tumor
histology (NEEC for sub-set analysis was not adequately
powered) and grade, the extent of surgical nodal staging
form, and the features of CT. Modern RT techniques, in-
cluding image-guided BT, highly conformal EBRT using
IMRT, and volumetric modulated arc therapy, were not
available in the majority of trials. In consequence, the cur-
rent guidelines of the ESMO/ESGO/ESTRO, NCCN and
ESGO/ESTRO/ESP for adjuvant therapy in EC patients
show some differences [2, 9, 29, 44]. Currently, recom-
mendations for the use of both exclusive and adjuvant
VBT depends on the individual assessment of the risk
of relapse, which includes FIGO stage, grade, histologic
type, LVSI status, the performed surgical nodal staging,
and age. The indications for VBT according to the ESGO/
ESTRO/ESP 2021 guidelines for the management of EC
patients, which constitute a statement of evidence and
consensus of the authors regarding their views of cur-
rently accepted approaches for EC treatment, are present-
ed in Table 5.
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