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Abstract

Background Endometrial cancer is a prevalent gynecologic malignancy found in postmenopausal women. However,
in the last two decades, the incidence of early-stage has doubled in women under 40 years old. This study aimed to
investigate the clinical and pathological characteristics and adjuvant therapeutic modalities of both young and not
-young patients with early-stage endometrial cancer in China’s real world.

Methods This retrospective study analyzed patients with early-stage endometrial cancer at 13 medical institutions
in China from 1999 to 2015. The patients were divided into two groups: young (<45 years old) and non-young (> 45
years old). Statistical comparisons were conducted between the two groups for clinical characteristics, pathological
features, and survival. The study also identified factors that affect local recurrence-free survival (LRFS) using Cox
proportional risk regression analysis. Propensity score matching (1:1) was used to compare the effects of local control
between vaginal brachytherapy (VBT) alone and pelvic external beam radiotherapy (EBRT) +VBT.

Results The study involved 1,280 patients, 150 of whom were 45 years old or younger. The young group exhibited

a significantly higher proportion of stage Il, low-risk, lower uterine segment infiltration (LUSI), and cervical invasion
compared to the non-young group. Additionally, the young patients had significantly larger maximum tumor
diameters. The young group also had a significantly higher five-year overall survival (OS) and a five-year LRFS. Age

is an independent risk factor for LRFS. There was no significant difference in LRFS between young patients with
intermediate- to high-risk early-stage endometrial cancer who received EBRT £VBT and those who received VBT alone.

Conclusions In the present study, young patients had better characteristics than the non-young group, while they
exhibited higher levels of aggressiveness in certain aspects. The LRFS and OS outcomes were better in young patients.
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Age is an independent risk factor for LRFS. Additionally, VBT alone may be a suitable option for patients under 45 years
of age with intermediate- to high-risk early-stage endometrial cancer, as it reduces the risk of toxic reactions and
future second cancers while maintaining similar local control as EBRT.
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Background

Endometrial cancer is the most prevalent gyneco-
logic malignancy and the sixth most common tumor in
women worldwide, with 417,000 new cases diagnosed
annually. It is frequently diagnosed in postmenopausal
women, with a median onset age of 61 years [1, 2]. In
the past 30 years, the incidence of new diagnoses has
risen across all age groups. Particularly, among women
under 40 years of age, the incidence of early-stage, low-
grade endometrial cancer has doubled from 2.9 to 6.0 per
100,000 population between 2000 and 2017 [1, 3]. Previ-
ous studies have reported on the clinical characteristics
of premenopausal endometrial cancer patients. The age
cutoffs range from 40 to 50. These studies indicate that
young patients are frequently diagnosed with stage I can-
cers and rarely exhibit lymph node or distant metastasis.
The most frequent pathologic type for young patients
is endometrioid carcinoma [4]. Also, tumors in young
patients are typically highly differentiated and have less
DMI [5, 6]. However, large samples of Asian populations
were not included in these studies. Certain studies sug-
gest that age independently affects cause-specific survival
[7], while others indicate that age is not an independent
influence factor for recurrence [8]. The influence of age
on prognosis remains unclear, particularly among Asian
populations.

Endometrial cancer is treated primarily through sur-
gery. Adjuvant treatments, including radiation therapy,
chemotherapy, and endocrine therapy, may also be nec-
essary and are determined by risk stratification. The
current risk classification is based on the integration of
known prognostic factors including pathologic type,
stage, grading, and lymph-vascular space invasion (LVSI),
as published by the European Society for Medical Oncol-
ogy (ESMO), European Society for Radiotherapy and
Oncology (ESTRO), and European Society of Gyneco-
logical Oncology (ESGO) [9]. Radiation therapy com-
prises vaginal brachytherapy (VBT) and pelvic external
beam radiotherapy (EBRT). While EBRT can decrease
the risk of recurrence, it is associated with more adverse
reactions, including urinary incontinence, diarrhea, fecal
leakage, lower functional and pain scores, and ultimately
a diminished quality of life, compared to VBT [10]. A
study demonstrated that VBT can effectively reduce the
risk of vaginal recurrence in intermediate- and high-risk
patients with fewer gastrointestinal side effects compared
to EBRT [11]. It is important to reduce toxicity, especially
for younger patients due to their longer life expectancy.

Therefore, it is necessary to determine if VBT can pro-
vide effective disease control like EBRT while minimizing
radiation toxicity in this population. Meanwhile, survival
in young patients has not significantly improved in the
last 30 years [4]. This suggests the need for further explo-
ration of treatment modalities for this patient group.

This study summarized the clinical characteristics of
patients diagnosed and treated between 1999 and 2015
in multiple centers across China, and elucidated the dif-
ference in characteristics between young and non-young
patients, using 45 years as a cutoff. Also, a detailed com-
parison of the survival was performed between the two
groups. Additionally, factors that influence local recur-
rence and death were explored in all patients. Finally,
a retrospective analysis was conducted to determine
whether a more conservative radiotherapy modality
could be used for young patients.

Methods

Collection of clinical information

The study retrospectively reviewed the medical records
at 13 tertiary hospitals in China. Patients diagnosed with
stage I or II endometrial cancer (EC) according to the
2009 International Federation of Gynecology and Obstet-
rics (FIGO) staging system between January 1999 and
December 2015 were included. All patients underwent
hysterectomy/bilateral salpingo-oophorectomy followed
by adjuvant radiotherapy. Complete clinical, pathological,
and follow-up information was collected, including age
at diagnosis, type of surgery, type of pathology, grading,
deep myometrial infiltration (DMI), LVSI, lower uterine
segment invasion (LUSI), cervical interstitial infiltration,
2009 FIGO stage, grade of differentiation, and ESMO-
ESGO-ESTRO risk classification. Patient radiotherapy
data was obtained from treatment records. Patients
with insufficient information were excluded. Postop-
erative adjuvant radiotherapy may include EBRT+VBT
(EBRT+VBT), or VBT alone. The targeting area for
EBRT includes the upper half of the vagina and the vagi-
nal stump, as well as the para-uterine, presacral, obtura-
tor, external iliac, and internal iliac lymphatic drainage
regions. External irradiation was performed through
four-field box radiotherapy, three-dimensional confor-
mal radiotherapy, or intensity-modulated radiotherapy.
High-dose-rate VBT was delivered with a single- or
multi-channel irradiator to the upper part of the vagina.
Patients underwent regular follow-up after radiation
treatment, with appointments scheduled every 3 to 6
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months for the first 2 years, then every 6 to 12 months
for the next 3 years, and then annually. The primary
endpoint included death, cancer-specific death, distant
metastasis, local stump recurrence, and pelvic lymph
node recurrence.

Data analysis

Data analysis was conducted utilizing SPSS 27.0. The
patients were divided into two groups, young (<45) and
non-young (>45). The t-test, chi-squared test, and Fish-
er’s exact test were used to compare the differences in
clinical and pathologic characteristics between the two
groups of patients. The chi-squared test and Fisher’s exact
test were used to compare the incidence of primary end-
point events between the two groups during the follow-
up period. Kaplan-Meier (K-M) survival analysis with a
log-rank test was used to compare the outcome between
the two groups. Univariate and multivariate Cox propor-
tional hazards regression analyses were used to deter-
mine the independent factors affecting the prognosis of
EC. Propensity-matched scores (1:1) were conducted
among young patients at intermediate and above risk
between patients who received VBT alone and those who
received EBRT VBT, to adjust for potential differences
in the characteristics between the 2 groups. Propensity
scores were estimated by a multiple logistic regression for
covariates including 2009 FIGO staging, MI, LVSI, poorly
differentiated and undifferentiated or not. The K-M sur-
vival analysis was used to compare the survival between
the two matched treatment groups.

Results

Patients and tumor characteristics

The study involved 1280 patients with early-stage EC
diagnosed and treated in 13 medical centers across China
between 1999 and 2015. 150 patients were 45 years old or
younger with a mean age of 39.9 years, and 1130 patients
were over 45 years old with a mean age of 58.4 years. The
median follow-up time was 56 months (IQR: 38—83) for
young patients and 53 (IQR: 38-78) months for non-
young patients. There was no significant difference in
follow-up time between the two groups (p=0.60). In
young patients, Stage II (p=0.004), LUSI (p<0.001), and
cervical invasion (p=0.006) were significantly more fre-
quent than in non-young patients. Additionally, the max-
imum tumor diameter was significantly larger in young
patients compared to non-young patients (p<0.001).
However, the young patients had a significantly lower
proportion of DMI (p<0.001) and a higher proportion of
low- (p=0.002) or intermediate-risk (p<0.001) (Table 1).
There were no significant discrepancies between the two
groups concerning the type of pathology, high-risk status,
surgical method, chemotherapy, radiotherapy modality,
second primary tumor occurrence, and side effects.
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Survival analysis

During the follow-up period, there were significant dis-
parities between the two groups in the frequency of
death (p=0.012), vaginal stump recurrence or death
(p=0.005), pelvic lymph node recurrence or death
(p=0.04), and local recurrence or death (p=0.019),
which includes both stump and pelvic lymph node recur-
rence as well as death (Table 2). There was a significant
difference in the 5-year overall survival (OS) between
the two groups (young=98.6%, non-young=94.2%,
log-rank test, p=0.011). The 5-year local recurrence-
free survival (LRFS) also showed a significant differ-
ence (young=96.9%, non-young=92.6%, log-rank test,
p=0.023). Additionally, young patients had significantly
better pelvic lymph node recurrence-free survival (PLES)
(log-rank test, p=0.038) and vaginal stump recurrence-
free survival (VRFS) (log-rank test, p=0.0048) compared
to non-young patients (Fig. 1).

The study then examined the factors influencing LRFS
in all 1,280 patients. The results of the univariate analysis
showed that age, differentiation, risk classification, and
endometrioid carcinomas influenced LRFS. The multi-
factorial analysis showed that age was the only indepen-
dent risk factor for LRFS (p<0.001) (Table 3).

Radiotherapy modality for young patients aged <45,
intermediate- to high-risk

To compare LRFS between patients who received
EBRT+VBT and those who received VBT alone, the
propensity score matching method was used in inter-
mediate- to high-risk patients younger than 45 years.
Twenty-two pairs of patients were matched with no
significant differences in their clinical characteristics
(Table 4). K-M analysis revealed no significant dispar-
ity in LRFS between the two matched groups (log-rank
test, p=0.34) (Fig. 2), suggesting that a more conservative
approach of VBT alone may be a viable treatment option
for young patients with early-stage EC at intermediate- to
high risk.

Discussion

Although EC typically occurs in postmenopausal women,
recent epidemiological studies have shown an increas-
ing proportion of young premenopausal patients. In par-
ticular, the incidence of low-grade EC has doubled in the
30-39 years age group [3]. According to data from the
Metropolitan Detroit District Cancer Surveillance Sys-
tem from 1988 to 2007, patients under the age of 40 rep-
resent only 2.3% of all stage I and II patients [5]. As the
population of this uncommon group grows, it becomes
increasingly important to clarify their distinct character-
istics. Studies have also revealed differences in charac-
teristics distribution across various ethnic groups [12].
In addition, there are currently no established clinical



Zhang et al. BMC Cancer (2024) 24:360 Page 4 of 10
Table 1 Comparison of clinical and pathological characteristics
Characteristic All Young Non-young p
n=1280 (age<45) (age>45)
n=150 n=1130
Age 56.27+£9.00 39.93+0.39 5844+0.21 <0.001
Pathological type
endometrioid 1183(92.4%) 142(94.7%) 1041(92.1%) 0.26
Non endometrioid 97(7.6%) 8(5.3%) 89(7.9%)
2009FIGO staging <0.01
la 592(46.3%) 86(57.3%) 506(44.8%) 0.004
Ib 525(41.0%) 34(22.7%) 491(43.5%) <0.001
Il 163(12.7%) 30(20.0%) 133(11.8%) 0.004
Risk classification <0.01
Low risk 359(28.0%) 58(38.7%) 301(26.7%) 0.002
Intermediate risk 354(27.7%) 21(14.0%) 333(29.5%) <0.001
High-intermediate risk 240(18.8%) 27(18.0%) 213(18.8%) 0.802
High risk 324(25.3%) 44(29.3%) 280(24.8%) 0.228
Differentiation
G1: Well differentiated 419(32.7%) 63(42.0%) 356(31.5%) 0.98
G2: Moderately differentiated 537(42.0%) 49(32.7%) 488(43.2%)
G3/4: Poorly/Undifferentiated 233(18.2%) 31(20.7%) 202(17.9%)
Gx: Undetermined 91(7.1%) 7(4.7%) 84(7.4%)
Deep Myometrial infiltration
(=1/20r<1/2)
>1/2 608(47.5%) 46(30.7%) 562(49.7%) <0.001
Unknown 8(0.6%) 2(1.3%) 6(0.6%)
Lymphovascular space invasion (+/-)
(+) 227(17.7%) 26(17.3%) 201(17.8%) 0.891
Lower uterine segment invasion (+/-)
() 349(27.3%) 70(46.7%) 279(24.7%) <0.001
Unknown 1(0.08%) 0 1(0.09%)
Cervical invasion
() 1024(80.0%) 105(70.0%) 919(81.3%) 0.006
Interstitial infiltration 163(12.7%) 30(20.0%) 133(11.8%)
Gland infiltration 92(7.2%) 14(9.3%) 78(6.9%)
Unknown 1(0.08%) 1(0.7%) 0
Maximum diameter of tumor 340+1.89 4184222 327+181 <0.001
Unknown 455(35.5%) 43(28.7%) 12(36.5%)
Surgery type
(comprehensive or partial)
Comprehensive surgical staging 887(69.2%) 115(76.7%) 772(68.3%) 0.071
Unknown 38(3.0%) 2(1.3%) 36(3.2%)
Adjuvant therapy (chemoradiotherapy/radiotherapy)
Chemoradiotherapy 253(19.8%) 35(23.3%) 218(19.3%) 049
Unknown 83(6.5%) 10(6.7%) 73(6.5%)
Radiotherapy modality
VBT 627(48.9%) 77(51.3%) 550(48.7%) 0.77
EBRT 55(12.1%) 16(10.7%) 139(12.3%)
VBT +EBRT 498(38.9%) 57(38.0%) 441(39.0%)
With second primary tumor 42(3.3%) 4(2.7%) 38(3.4%) 0.81
Acute side effects 660(51.6%) 68(45.3%) 592(52.4%) 0.104
Lower gastrointestinal 496(38.8%) 50(33.3%) 446(39.5%) 0.154
Upper gastrointestinal 282(22.0%) 35(23.3%) 247(21.9%) 0.898
Urinary system 137(10.7%) 13(8.7%) 124(11.0%) 0320
Hematologic system 295(23.0%) 34(22.7%) 261(23.1%) 0.801
Late side effects 318(28.2%) 29(22.1%) 289(29%) 0.100
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Table 1 (continued)
Characteristic All Young Non-young p
n=1280 (age<45) (age>45)
n=150 n=1130
Gastrointestinal 153(13.6%) 10(7.7%) 143(14.4%) 0.056
Urinary system 72(6.4%) 3(2.3%) 69(6.9%) 0.239
Hematologic system 61(5.4%) 9(6.9%) 52(5.2%) 0431
Lower limb edema 98(8.7%) 7(5.4%) 91(9.1%) 0455
Table 2 Frequency of endpoint events 50 years old [16]. The distinct clinical characteristics of
All Young Non- p . T . . .
n=1280 n=150 young younger patients could indicate the biological and genetic
n=1130 diversity of endometrial cancer across various age groups
Death 61 1 60 0.012 [5, 17]. Overall, the previous results showed consistency
Treatment failure or death 108 7 101 0.077 in certain features, including less DMI and lower grades.
Cancer-specific death 40 1 39 0077 Although the results on pathological type varied, most
Distant metastasis or death 101 6 95 066 studies showed a higher incidence of endometrioid ade-
Vaginal stump recurrence or 72 1 71 0.005 nocarcinomas in young patients. These features mostly
death indicate better outcomes in younger patients. However,
Pelvic lymph node recurrence 72 3 69 0.04 a trend toward more frequent lymph node involvement
or death was observed in younger women [13]. LUSI has also been
Local recurrence or death 79 3 76 0.019

guidelines indicating whether the treatment regimen for
this group of patients should differ from that of post-
menopausal patients. This study aimed to fill the gap by
analyzing 1280 patients with early-stage endometrial
cancer from 13 medical centers across China. It further
elucidated the difference in the clinical characteristics
and survival between young and non-young patients,
using 45 years of age as the cutoff. Then, the study also
explored the factors affecting LRFS, which showed that
age acted as an independent risk factor. It also provided
evidence to support the use of VBT alone rather than in
combination with EBRT for young patients at intermedi-
ate- to high-risk.

Previous studies have reported on the characteristics
of younger patients, but the conclusions regarding spe-
cific characteristics are not entirely consistent. A single-
center study showed patients aged 45 years or younger
had a comparable distribution of tumor stage, histologic
type, and LVSI to patients aged 45 years or older, and
younger patients had a lower frequency of deep myome-
trial infiltration and a higher prevalence of lower grades
[13]. Another single-center study of patients between
1989 and 1994 also found that there was no significant
difference in tumor stage between patients aged 45 years
or younger and those who were older [14]. In previous
studies using different age cutoffs, patients under 40
years old also exhibited a higher prevalence of low-grade
and lower rates of DMI, but higher rates of endometrioid
adenocarcinomas, which all indicated a better prognosis
[5, 15]. In Asian populations, a study conducted in Tai-
wan revealed a higher incidence of endometrioid carci-
noma and lower rates of DMI and LVSI in patients under

reported to be more prevalent in patients aged 40 years
or younger [18]. Apart from the above, the present study
found young patients had more stage II EC, larger maxi-
mum tumor diameters, and no difference in tumor grade
or histological type compared to non-young patients. In
addition, there were more frequent instances of LUSI and
cervical invasion. These findings suggest that tumor char-
acteristics in young patients may not be as favorable as
previously thought. These characteristics may negatively
impact the prognosis, which requires further attention
from researchers.

A study of 34 early-stage patients exhibited a 91%
5-year OS in patients under 40 years of age [19].
Whereas, the present study demonstrated a 5-year OS
of 98.6% in patients under 45 years with early-stage EC,
with only one fatality during the follow-up period. The
enhancement in survival may result from recent advance-
ments in timely diagnosis and treatment. Previous stud-
ies have suggested that young patients have a better OS
compared to older patients. A study conducted on a
Taiwanese population discovered that endometrial can-
cer patients under the age of 50 had significantly better
progression-free survival (PFS) and OS than those over
50 years old [16]. However, studies have demonstrated
no significant disparity in 5-year PES or cancer-specific
survival (CSS) between patients under 45 years of age
and patients over 45 years of age [13]. Another study
conducted between 1989 and 1994 found no differ-
ence in OS between patients over and under 45 years of
age [14]. Differences in conclusions may arise from the
time and the region it was conducted, and variations in
local medical conditions. The present research indi-
cates that early-stage, younger patients experience supe-
rior OS but no significant disparity in PFS between the



Zhang et al. BMC Cancer (2024) 24:360

Page 6 of 10

1.00 1.004
0751 0.75 1
S S
= 050 o~ 050
A~ >
Log-rank Log-rank
0.25 0251
p =0.038 p = 0.0048
0.00 A 0.00- B
T T T T T T T T T T T T Age group
0 50 100 150 200 250 0 50 100 150 200 250
Time after surgery (months) Time after surgery (months) ‘I age>45
‘-4- age<=45
1.004 1.004
0.75 1 0751
S
S IS
o 0504 < 0504
s 78}
(24 o
=
Log-rank Log-rank
0.25 0251
p =0.023 p=0.011
0.004 C 0.004 D
0 50 100 150 200 250 0 50 100 150 200 250

Time after surgery (months)

Time after surgery (months)

Fig. 1 K-M survival analysis of young and non-young patients. PLFS, pelvic lymph node recurrence-free survival, LRFS, local recurrence-free survival, VRFS,

vaginal stump recurrence-free survival, OS, overall survival

two groups. Furthermore, our study examined disease
recurrence. While both groups exhibited similar dis-
tant metastasis-free survival (DMFS), a disparity in local
control was observed, manifested in LRFS, PRFS, and
VRES. This indicates the advantage of local control for
younger patients may contribute to their improved over-
all survival.

The noticeable variations in local control between the
two patient groups prompted an investigation into the
factors impacting prognosis. Several previous studies
have examined the effect of age as a categorical variable
on the prognosis. But the results remain controver-
sial. The age of over 65 is an independent impact factor
of OS and CSS [20]. However, another study found that
the age of 70 or older did not independently affect OS
in early-stage endometrioid adenocarcinoma patients
after adjusting for other adverse prognostic factors [21].
Regarding recurrence, a study concludes that age over 70
is not an independent factor for tumor recurrence [8].

While another study shows that age over 80 is an inde-
pendent factor for recurrence [22]. One study discov-
ered that after controlling other risk factors, age over 70
didn’t associate with PFS but was associated with worse
CSS [23]. However, in that study, the number of patients
under the age of 70 receiving chemotherapy after recur-
rence was three times higher than that of advanced-age
patients, so the correlation of age and CSS might be
explained by different treatment patterns for various
age groups after recurrence. Similarly, Laura Haley et
al. demonstrated that age over 70 did not significantly
impact CSS after controlling for other variables, whereas
it significantly influenced the 5-year OS [24]. Differ-
ences among these findings might arise from variations
in their age cut-off, differences in patient characteris-
tics among different studies, differences in treatment
modalities employed in distinct age subgroups, and dif-
ferences in the era in which the study was conducted.
These confounding factors made it difficult to accurately
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Table 3 Factors that affect the LRFS (Cox regression model)

Univariate Multivariate
HR (95%Cl) p HR (95%Cl) p
Age 1.063(1.036- <0.001 1.060(1.033- <0.001
1.09) 1.088)
Endometroid (+/-)  0479(0.246- 0.03 0.792(0.302- 0.635
0.932) 2.077)
Comprehensive sur- 0.661(0418- 0.077
gery staging (+/-) 1.046)
Maximum diameter  1.098(0.967— 0.148
of tumor 1.245)
High-intermediate ~ 1.877(1.201- 0.006 14(0.672- 0425
and high risk (+/-) 2. 934) 2 573)
Poor differentiate 15(1.441- <0.001 1.852(0.907- 0.090
and undifferentiated 19) 3.708)
(+/)
Myometrial 1.290(0.824- 0.265
infiltration 2 1/2(+/-) 2.021)
LVSI (+/-) 249(0 711 0439
96)
LUSI (+/-) 1 276(0 798- 0309
2. 041)
Cervix invasion (+/-) 42(0.636—- 0.657
2 048)
Radiotherapy mo- 08(0.708- 0.655
dality (EBRT+VBT or 1 733)
EBRT/VBT)
Chemotherapy (+/-) 0.688(0.410- 0.158
1.157)

Table 4 Patient’s characteristics after matching

EBRT+VBT(n=22) VBT(n=22) p
Age 40.5+3.66 4177+338 0.238
Endometroid carcer 20 22 0488
2009 FIGO stage | 20 20 1
Poorly/undifferentiated 10 10 1
Myometrium 10 10 1
infiltration>1/2
LVSI 4 4 1
LUSI 10 6 0.21
Cervix invasion (+) 6 2 0.118
Comprehensive staging 15 17 0337
surgery
Combined chemotherapy 7 3 0.284

demonstrate the effect of age on patient prognosis, which
needs further investigation in subgroups. Age as a con-
tinuous variable was found to be an independent factor
for CSS. The hazard ratio (HR) for CSS progressively
increases with age [7]. In the present study, age as a con-
tinuous variation was found to independently influence
LRES in patients with early-stage EC, which further con-
tributes to the understanding of age’s impact.

Further, the study retrospectively examined adju-
vant radiotherapy for young early-stage EC patients
at intermediate to high risk. The result indicated that
EBRT+VBT did not provide better local control than
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VBT alone. The result is also supported by previous
studies. In patients at intermediate to high risk, the
EBRT+VBT did not demonstrate a superior survival
effect compared to VBT alone [25]. For grade 1 or 2 with
DMI and grade 3 without DMI, VBT was as effective as
EBRT in preventing vaginal recurrence [26]. Although
the 15-year outcome of the PORTEC-1 study showed
that EBRT had advantages for local control in stage I,
low and intermediate-risk endometrial cancer patients,
it did not confer any significant benefit in OS. Addition-
ally, EBRT increases the risk of secondary malignancies,
making it a wise choice to avoid EBRT [27]. Another
long-term study also indicated no survival benefit from
EBRT in early-stage EC patients. Additionally, women
under the age of 60 who underwent EBRT experienced
reduced survival and an increased risk of secondary can-
cers [28]. In patients with intermediate- and high-risk
stage I and IIA, EBRT did not demonstrate an advantage
over VBT in terms of OS and recurrence control. How-
ever, EBRT was associated with significantly more gastro-
intestinal side effects than VBT, and 10-year long-term
results also showed favorable outcomes of VBT [11, 29].
However, there is a paucity of research on adjuvant radio-
therapy modalities for premenopausal women. Based
on the present and previous studies, VBT alone without
EBRT is appropriate for patients aged under 45 years
with early-stage intermediate- to high-risk. VBT provides
an acceptable local control effect while avoiding more
adverse effects and lowering the risk of future secondary
malignancies. To further clarify the potential benefits of
VBT alone for younger patients with early-stage EC, it is
imperative to conduct prospective studies on adjuvant
treatment modalities in the future.

The strength of the study lies in the enrollment of a
large number of patients with early-stage endometrial
cancer from 13 medical centers across China, which
reduces selection bias. The clinical and pathological
characteristics were thoroughly documented. Addition-
ally, the follow-up period was quite long. Also, the study
retrospectively investigated the application of adjuvant
radiotherapy in young patients, serving as a foundation
for further clinical research. However, the study has some
limitations. The diversity of patient characteristics and
confounding factors make it challenging to conduct fur-
ther detailed subgroup studies. Additionally, the molecu-
lar subtype was missing due to the limited availability of
genetic testing at the time of treatment. In future studies,
incorporating molecular typing and conducting prospec-
tive studies can further strengthen the evidence base for
optimal personalized radiotherapy. Maintaining the sur-
vival advantage while minimizing the potential for toxic
reactions and finally improving the quality of long-term
survival is the direction of modern radiotherapy.
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pared to R € typica . ROS me‘nopausa patient popuiation. LvSI Lympho-vascular space invasion
Young patients exhibited higher rates of stage II, LUSL, pwm Deep myometrial infiltration
and cervical invasion, as well as larger maximum tumor KM Kaplan-Meier
diameter compared to non- n tients. DMI is 1 ESMO European Society for Medical Oncology
amete ‘CO pare 0 on-young pa e‘ S. § less ESTRO European Society for Radiotherapy and Oncology
frequent in young patients. The prognosis for early-stage  gsco European Society of Gynecological Oncology
endometrial cancer is generally favorable. However, FIGO International Federation of Gynecology and Obstetrics

young patients have a better prognosis than non-young
patients, as reflected both in LRFS and OS. Age was an
independent risk factor for LRFS. These findings sug-
gest that the optimal adjuvant therapy for the young
population may differ from that for the general popula-
tion. Additionally, for patients under the age of 45 with
early-stage intermediate- to high-risk EC, VBT provides
comparable local control to EBRT, while also reducing
potential side effects. Using VBT alone may be an appro-
priate treatment option for these patients. In the future,
patients can be offered treatment options tailored to their
own needs and preferences, such as VBT treatments,
which are more convenient for those who have difficulty
traveling to the medical center.

Abbreviations

EC Endometrial cancer

LRFS Local recurrence-free survival

oS Overall survival

PLFS Pelvic lymph node recurrence-free survival
VRFS Vaginal stump recurrence-free survival

CSS Cancer-specific survival

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512885-024-12090-3.

[ Supplementary Material 1 J

Acknowledgements
None.

Author contributions

KZ was a major contributor in writing the manuscript. KZ, ZL and TW analyzed
and interpreted the patient data. LZ, TW, ZL, JH, XS, WZ, FZ, XL, SL, HZ, ZM

and LW contributed to resources collection, data curation, and supervision.
FZ performed the project administration. XH reviewed the manuscript. KH
and LW performed conceptualization and supervision of the manuscript. All
authors read and approved the final manuscript.

Funding

This study was supported by the Peking Union Medical College Hospital
Central High-level Hospital Clinical Research Special Youth Training Program
(grant number 2022-PUMCH-A-036). The funds had no role in study design,
subject enrollment, or data analysis.


https://doi.org/10.1186/s12885-024-12090-3
https://doi.org/10.1186/s12885-024-12090-3

Zhang et al. BMC Cancer (2024) 24:360

Data availability
The datasets used and analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Clinical samples were collected under protocols approved by the Institutional
Review Board of Peking Union Medical College Hospital (NO. S-K139) on
Oct.24, 2016. We confirm that the Institutional Review Board of Peking Union
Medical College Hospital waived the need for obtaining informed consent
given the retrospective nature of the study. We confirm that all methods were
performed following the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Radiation Oncology, Peking Union Medical College
Hospital Chin ese Academy of Medical Sciences & Peking Union Medical
College, No. 1 Shuaifuyuan Wangfujing Dongcheng District, Beijing,
People’s Republic of China

’Department of Radiation Oncology, The second hospital Affiliated by
Jilin University, Changchun, People’s Republic of China

3Department of Radiation Oncology, First Affiliated Hospital of Xi'an
Jiaotong University, Xi'an, People’s Republic of China

“Department of Radiation Oncology, The General Hospital of Ningxia
Medical University, Yinchuan, Ningxia, People’s Republic of China
°Department of Radiation Oncology, The Affiliated Hospital of Inner
Mongolia Medical University, Hohhot, Inner Mongolia, People’s Republic
of China

5Gynaecological Oncology Radiotherapy, The Affiliated Cancer Hospital of
Xinjiang Medical University, Urumgi, People’s Republic of China
"Department of Radiation Oncology, Gansu Provincial Cancer Hospital,
Lanzhou, Gansu, People’s Republic of China

8Department of Radiation Oncology, Peking University First Hospital,
Beijing, People’s Republic of China

“Department of Radiation Oncology, The 940th Hospital of Joint Logistics
Support force of Chinese People’s Liberation Army, Lanzhou, Gansu,
People’s Republic of China

'%Department of Radiation Oncology, Xiangya Hospital Central South
University, Changsha, Hunan, People’s Republic of China

"'Department of Radiation Oncology, Affiliated Hospital of Chi feng
University, Chifeng, Inner Mongolia, People’s Republic of China
12Department of Radiation Oncology, Xijing Hospital, Air Force Medical
University of PLA (the Fourth Military Medical University, Xi'an, People’s
Republic of China

13Department of Radiation Oncology, The Second Hospital of Dalian
Medical University, Dalian, People’s Republic of China

Received: 10 December 2023 / Accepted: 6 March 2024
Published online: 20 March 2024

References

1. Gu B, Shang X, Yan M, Li X, Wang W, Wang Q, et al. Variations in incidence and
mortality rates of endometrial cancer at the global, regional, and national
levels, 1990-2019. Gynecol Oncol. 2021;161(2):573-80.

2. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et
al. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and
Mortality Worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71(3):209-49.

3. Matsuo K, Mandelbaum RS, Matsuzaki S, Klar M, Roman LD, Wright JD. Ovar-
ian conservation for young women with early-stage, low-grade endometrial
cancer: a 2-step schema. Am J Obstet Gynecol. 2021;224(6):574-84.

20.

21.

22.

23.

24.

25.

26.

Page 9 of 10

Yordanov A, Kostov S, Kornovski Y, Slavchev S, Ivanova Y, Calleja-Agius J, et al.
Endometrial carcinoma in patients under 40 years of age: insights from the
Bulgarian Cancer Registry. Ginekol Pol. 2023;94(4):275-82.

Semaan A, Ali-Fehmi R, Munkarah AR, Bandyopadhyay S, Morris RT, Rizk

S, et al. Clinical/pathologic features and patient outcome in early onset
endometrial carcinoma: a population based analysis and an institutional
perspective from the Detroit metropolitan area, Michigan. Gynecol Oncol.
2012;124(2):265-9.

Pellerin GP, Finan MA. Endometrial cancer in women 45 years of age

or younger: a clinicopathological analysis. Am J Obstet Gynecol.
2005;193(5):1640-4.

Sun'S, Zou L, Wang T, Liu Z, He J, Sun X, et al. Effect of age as a continuous
variable in early-stage endometrial carcinoma: a multi-institutional analysis in
China. Aging. 2021;13(15):19561-74.

Mundt AJ, Waggoner S, Yamada D, Rotmensch J, Connell PP. Age as a prog-
nostic factor for recurrence in patients with endometrial carcinoma. Gynecol
Oncol. 2000;79(1):79-85.

Concin N, Matias-Guiu X, Vergote |, Cibula D, Mirza MR, Marnitz S, et al. ESGO/
ESTRO/ESP guidelines for the management of patients with endometrial
carcinoma. Radiother Oncol. 2021;154:327-53.

Kong A, Johnson N, Kitchener HC, Lawrie TA. Adjuvant Radiotherapy for Stage
I endometrial Cancer: an Updated Cochrane Systematic Review and Meta-
analysis. JNCI J Natl Cancer Inst. 2012;104(21):1625-34.

Nout R, Smit V, Putter H, Jirgenliemk-Schulz |, Jobsen J, Lutgens L, et al.
Vaginal brachytherapy versus pelvic external beam radiotherapy for patients
with endometrial cancer of high-intermediate risk (PORTEC-2): an open-label,
non-inferiority, randomised trial. Lancet. 2010;375(9717):816-23.

Mukerji B, Baptiste C, Chen L, Tergas Al, Hou JY, Ananth CV, et al. Racial
disparities in young women with endometrial cancer. Gynecol Oncol.
2018;148(3):527-34.

Tran BN, Connell PP, Waggoner S, Rotmensch J, Mundt AJ. Characteristics and
outcome of Endometrial Carcinoma patients Age 45 years and younger. Am J
Clin Oncol Cancer Clin Trials. 2000;23(5):476-80.

Evansmetcalf E. Profile of women 45 years of age and younger with endome-
trial cancer*1. Obstet Gynecol. 1998,91(3):349-54.

Duska LR, Garrett A, Rueda BR, Haas J, Chang Y, Fuller AF. Endometrial Cancer
in women 40 years old or younger. Gynecol Oncol. 2001;83(2):388-93.

Lau HY, Chen YJ, Yen MS, Chao KC, Chen RF, Yeh SO, et al. Clinicopathological
features and survival in Young Taiwanese Women with Endometrial Carci-
noma. Int J Gynecol Cancer. 2014;24(6):1015-20.

Saegusa M, Machida D, Okayasu I. Age-dependent differences in

tumor cell polarity in endometrial carcinomas. J Cancer Res Clin Oncol.
2002;128(4):205-13.

Son J, Carr C, Yao M, Radeva M, Priyadarshini A, Marquard J, et al. Endometrial
cancer in young women: prognostic factors and treatment outcomes in
women aged <40 years. Int J Gynecol Cancer. 2020;30(5):631-9.

Biler A, Solmaz U, Erkilinc S, Gokcu M, Bagci M, Temel O, et al. Analysis of
endometrial carcinoma in young women at a high-volume cancer center. Int
JSurg. 2017;44:185-90.

Benedetti Panici P, Basile S, Salerno MG, Di Donato V, Marchetti C, Perniola

G et al. Secondary analyses from a randomized clinical trial: age as the

key prognostic factor in endometrial carcinoma. Am J Obstet Gynecol.
2014;210(4):363.e1-363.210.

Fleming ND, Lentz SE, Cass |, Li AJ, Karlan BY, Walsh CS. Is older age a poor
prognostic factor in stage | and Il endometrioid endometrial adenocarci-
noma? Gynecol Oncol. 2011;120(2):189-92.

Hag-Yahia N, Gemer O, Eitan R, Raban O, Vaknin Z, Levy T, et al. Age is an
independent predictor of outcome in endometrial cancer patients: an Israeli
Gynecology Oncology Group cohort study. Acta Obstet Gynecol Scand.
2021;100(3):444-52.

AlHilli MM, Bakkum-Gamez JN, Mariani A, Weaver AL, McGree ME, Keeney GL,
et al. Risk-adjusted outcomes in elderly endometrial cancer patients: implica-
tions of the contrasting impact of age on progression-free and cause-specific
survival. Gynecol Oncol. 2015;138(1):133-40.

Haley L, Burmeister C, Buekers T, Elshaikh MA. Is older Age a real adverse
prognostic factor in Women with Early-Stage Endometrial Carcinoma? A
matched analysis. Int J Gynecol Cancer. 2017;27(3):479-85.

Hass P, Seinsch S, Eggemann H, Ignatov T, Seitz S, Ignatov A. Vaginal brachy-
therapy for endometrial cancer. J Cancer Res Clin Oncol. 2018;144(8):1523-30.
Klopp A, Smith BD, Alektiar K, Cabrera A, Damato AL, Erickson B, et al. The
role of postoperative radiation therapy for endometrial cancer: executive



Zhang et al. BMC Cancer

27.

28.

(2024) 24:360

summary of an American Society for Radiation Oncology evidence-based
guideline. Pract Radiat Oncol. 2014;4(3):137-44.

Creutzberg CL, Nout RA, Lybeert MLM, Warldm-Rodenhuis CC, Jobsen

JJ, Mens JWM, et al. Fifteen-year Radiotherapy outcomes of the Ran-
domized PORTEC-1 Trial for Endometrial Carcinoma. Int J Radiat Oncol.
2011,81(4):e631-8.

Onsrud M, Cvancarova M, Hellebust TP, Tropé CG, Kristensen GB, Lindemann
K. Long-term outcomes after Pelvic Radiation for Early-Stage Endometrial
Cancer. J Clin Oncol. 2013;31(31):3951-6.

29.

Page 10 of 10

for the PORTEC Study Group, Wortman BG, Creutzberg CL, Putter H,
Jurgenliemk-Schulz IM, Jobsen JJ, et al. Ten-year results of the PORTEC-2 trial
for high-intermediate risk endometrial carcinoma: improving patient selec-
tion for adjuvant therapy. Br J Cancer. 2018;119(9):1067-74.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Clinical characteristics and radiation therapy modality of younger patients with early-stage endometrial cancer, a multicenter study in China’s real world
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Collection of clinical information
	﻿Data analysis

	﻿Results
	﻿Patients and tumor characteristics
	﻿Survival analysis
	﻿Radiotherapy modality for young patients aged ≤ 45, intermediate- to high-risk

	﻿Discussion
	﻿Conclusion
	﻿References


