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with non-endometrioid endometrial
carcinomas: a PSM-IPTW analysis based on SEER
database
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Abstract

Purpose To investigate outcomes of adjuvant treatments for non-endometrioid endometrial carcinomas (NEEC), as
previous studies are limited by its rarity and heterogeneity.

Patients and methods Patients with endometrial serous carcinoma (SC), clear cell carcinoma (CCC) and carcino-
sarcoma were identified between 2004 and 2018 from SEER database. Propensity score matching (PSM) along with
inverse probability treatment weighting (IPTW) technique were employed to balance confounding factors. Multivari-
ate, exploratory subgroup and sensitivity analyses were conducted to evaluate the impact of adjuvant treatment on
overall survival (OS) and cause-specific survival (CSS).

Results The cohort comprised 5577 serous, 977 clear cell, and 959 carcinosarcomas. Combined chemotherapy and
radiotherapy (CRT), chemotherapy alone, and radiotherapy alone were respectively administered in 42.21%, 47.27%
and 10.58% of the whole cohort. Prior to adjusting, chemotherapy plus brachytherapy yielded the most beneficial
effect among various strategies. After PSM-IPTW adjustment, CRT still demonstrated beneficial effect on OS and CSS.
Subgroup analysis indicated CRT improved survival among various TNM stages, particularly with uterine carcinosar-
coma. In the sensitivity analyses for serous histology, brachytherapy with or without chemotherapy appeared to ben-
efit stage I-ll patients. In stage lll-IV SC patients, chemotherapy plus brachytherapy was still associated with improved
survival outcomes. When nodal metastases were identified, additional external beam radiotherapy (EBRT) to CT was
more utilized with survival improvement.

Conclusion In NEEC patients, combined CRT yielded beneficial effects than any single mode. Both chemotherapy
and brachytherapy promoted survival in early stage SC patients. Late stage SC patients may benefit from chemother-
apy plus either EBRT or brachytherapy.
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by clear-cell carcinoma (CCC) and uterine carcinosar-
coma (UCS) [1]. SC and CCC subtypes constitute 40%
and 8% of EC-related death, respectively [2]. UCS, due
to its aggressive behavior, is recently lumped together
with SC and CCC [3]. Currently, the gold standard of
therapy comprises extrafascial hysterectomy with bilat-
eral salpingo-oophorectomy (BSO) as well as appropri-
ate adjuvant therapy. Given the high recurrence rate and
poor prognosis, there is an increasing unmet need to
identify the most appropriate adjuvant therapy for NEEC
patients. However, clinical trials with regard to compari-
son between adjuvant chemotherapy (CT) and radiother-
apy (RT) have not demonstrated significant difference in
survival outcomes [4].

Periodically, pelvic or abdominal external beam radio-
therapy (EBRT) has been the routine adjuvant treat-
ment for women with high-risk endometrial cancer,
although limited evidence on improving survival [5].
Compared to EBRT, vaginal brachytherapy is associated
with better prognosis given its superiority of minimal
side effects [6]. In contrast, with the purpose of reduc-
ing the incidence of distant metastases, CT was gener-
ally administered for EC patients with high risk factors;
conversely; the increased locoregional recurrence rate
after adjuvant chemotherapy alone preceded subse-
quent distant metastases and final death [7]. Thus, these
differing patterns of treatment failure and side effects
prompted more attempts to reduce local-regional and
distant recurrences. Nevertheless, due to the rarity and
heterogeneity of NEEC, current recommendations are
still derived from existing experience of endometrioid
endometrial carcinoma. More recently, results of three
large randomized trials (GOG-249, GOG-258, and POR-
TEC-3) have been published. Among three above reports,
endometrial serous and clear cell cancers in combination
comprised only 29%, 19.3%, 20.8% of the whole patients
enrolled, respectively [8—10]. Their relatively small per-
centage limited the possibility to draw robust conclu-
sions via subset analysis. Also, UCS was not enrolled
in the abovementioned randomized prospective trials.
The optimal adjuvant treatment of NEEC has not been
finally confirmed, and thus national guidelines such as
the National Comprehensive Cancer Network (NCCN)
allow variability in treatment. Of note, the potential sur-
vival benefit with combined modality treatment should
be weighed against the cost of longer treatment dura-
tion, therapy-related severe adverse effects and impact on
health-related quality of life.

Given these uncertainties, we analyzed nationwide pat-
terns of survival outcomes of adjuvant CT and/or RT in
women who underwent hysterectomy-based surgery for
endometrial serous carcinoma, clear cell carcinoma and
carcinosarcoma. The Surveillance, Epidemiology and End
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Results (SEER) database was selected given its large sam-
ple size as well as availability of adjuvant therapy and sur-
vival information.

Materials and methods

Study population

We conducted a retrospective analysis for patients with
endometrial cancer of predominantly or purely serous,
clear cell or carcinosarcoma histology. SEER data-
base (SEER*Stat 8.3.9.2), which contains data of cancer
patients from 18 regional registries (https://seer.can-
cer.gov/seerstat/), was employed for the analysis. We
queried the 2020 release of SEER database from 2004,
when modern staging information became available
in SEER. Endometrial cancer was confirmed by histol-
ogy of hysterectomy specimen and based on the WHO
International Classification of Diseases for Oncology,
third edition (ICD-O-3) morphology codes as follows:
8441-serous cystadenocarcinoma, NOS, 8460-papillary
serous cystadenocarcinoma, 8461-serous surface papil-
lary carcinoma; 8005-malignant tumor, clear cell type,
8310-clear cell adenocarcinoma, NOS; 8980-3-carcino-
sarcoma, NOS, 8981-carcinosarcoma, embryonal. Based
on site-specific surgery codes, women who underwent
at least total hysterectomy with or without bilateral sal-
pingo-oophorectomy (site-specific surgery codes 40-77)
were selected, including those with modified or radical
hysterectomy. Receipt of adjuvant chemotherapy and/
or radiotherapy after surgery was the focus of our study.
Since all data included in the SEER database is publicly
available online, this study does not require Institutional
Review Board approval, or informed consent by the study
subjects. While, we obtained permission to access the
SEER program data from the US National Cancer Insti-
tute (reference number: 22756-Nov2020).

The exclusion criteria were listed as follows: (i) those
cases with more than one malignancy or secondary
tumor; (ii) missing information on patients’ age, cancer
stage or survival period; (iii) those cases with the surgery
code “local tumor excision or destruction; subtotal hys-
terectomy; surgery NOS” were excluded, given the fact
that we could not identify the scope of the surgical pro-
cedure performed. (iv) cases without adjuvant therapy
before or after hysterectomy were excluded. A landmark
survival time of 3 months was applied in order to account
for immortal time bias. These procedures were demon-
strated as detailed in the supplementary Figure 1.

Variable record and cohort definition

Demographic information of the patients encompassed
age (<50, 50-60,>60), year of diagnosis (2004—2008,
2009-2013, 2014-2018), marital status (married, sin-
gle, divorced/separated, widowed), race (white, black,
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others), and median household income. Tumor charac-
teristics included histology subtypes (serous, clear cell
and carcinosarcoma), TNM stage (TINOMO, T2NOMO,
T3-4aNOMO, TanyN1MO, TanyN2MO,TanyNanyM1),
grade (grade I, well differentiated; grade II, moderately
differentiated; grade III, poorly differentiated; grade
IV, undifferentiated; unknown grade), tumor size (<20,
20-39, 40-59, 60-79, >80 mm, unknown). The tumor—
node—metastasis (TNM) system of the American Joint
Committee on Cancer was used in conjunction with
FIGO staging [1]. Treatment data involved surgery mode
(hysterectomy, extended hysterectomy), lymphadenec-
tomy (yes, no or sentinel lymph node biopsy/removed),
adjuvant therapy (RT alone, CT alone, CRT). Radiother-
apy was subsequently divided to EBRT, VBT or combined
of both.

Outcome measures

Cause-specific survival (CSS) and overall survival (OS)
were evaluated for outcome analysis. CSS was defined as
the interval from final diagnosis to death due to endome-
trial cancer. The definition of OS was the time from con-
firmed diagnosis to death for any cause or to date of last
follow-up. Patients who were alive at the last follow-up
were censored.

Statistical analysis

Categorical variables are illustrated as frequency and
continuous variables are described as median (interquar-
tile range [IQR]). Baseline patient characteristics were
compared both pre- and post-matching with Chi-square
test analysis, when the statistical significance in propor-
tions’ differences with p value<0.05 was considered
unbalanced. To explore the effect of adjuvant therapy
on survival in NEEC patients, multiple imputations by
chained equations were performed to decrease potential
bias due to missing data. First, we used a propensity score
adjustment by inverse probability of treatment-weighting
(IPTW) to maximally reduce the differences between
radiotherapy and no radiotherapy administration, as
previously described [11]. Specifically, the propensity
score was calculated using a logistic regression model
based on the abovementioned characteristics. Stratified
by radiotherapy administrated or not, propensity score
matching (PSM) method [12] was employed through the
nearest neighbor-matching with caliper value 0.4 for 1:4
matching. Afterwards, IPTW was calculated as 1/PS in
the group of radiotherapy given, whereas 1/ (1-PS) in the
cohort without radiotherapy administered [13]. Stabi-
lization of the IPTW was performed by multiplying the
standard IPTW by the probability of undergoing treat-
ment that each patient received [14]. Prior to and after
IPTW-adjustment, univariate analysis (UVA) of patient
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characteristics effect on CSS and OS was conducted
using the Kaplan—Meier (KM) method, with the log-rank
method for evaluation for significance. Multivariable
analysis (MVA) was performed through Cox proportional
hazards regression model. Covariates enrolled in the
MVA model were selected if they were significant in the
UVA model. Next, we conducted exploratory subgroup
analyses and evaluated heterogeneity as the subgroups
are presumed to have been subjected to similar condi-
tions. Quantification of heterogeneity was evaluated
with the I2 statistic and the Cochran Q test. Random-
effects models were used when study heterogeneity was
high (I2>50%) and fixed-effects models were employed
whereas heterogeneity was low (12<50%) [15]. In addi-
tion, we conducted the sensitivity analysis by comparing
the CSS and OS for patients in different subgroup popu-
lation and subgroup analysis. Finally, Kaplan—Meier plots
illustrated CSS and OS rates based on adjuvant treatment
administration in selected subgroups. Statistical analyses
were executed with SPSS (version 22.0, SPSS, Chicago,
IL, USA), R software (version 3.6.3; http://www.r-proje
ct.org/) and STATA-MP (version 17.0, College Station,
TX, USA), with two-sided P<0.05 considered statistically
significant.

Results

Descriptive characteristics of the study population

and survival outcome among all subgroups

According to the set criteria, a total of 7513 patients, who
were diagnosed as NEEC as the primary malignancy and
underwent at least total hysterectomy with adjuvant ther-
apy administration, were extracted during 2010 and 2018
period. The median age at initial diagnosis was 66 years
old [interquartile range (IQR): 61-72 years old]. The
median follow-up period was 31 months [interquartile
range (IQR): 18-57 months]. The cohort comprised 5577
serous, 977 clear cell, 959 carcinosarcomas. Total hyster-
ectomy with or without bilateral salping-oopharectomy
was the main option for 90% (6764/7513) of cases, the
remaining was concluded as extensive surgeries, includ-
ing radical hysterectomy, pelvic exenteration or modified
radical hysterectomy; meanwhile, lymphadenectomy was
performed in 72.53% of patients. CRT was administered
in 42.21% (3171/7513) of patients, similar to CT alone
(47.27%), yet significantly higher than RT alone group
(10.58%). The demographic and clinical characteristics of
these NEEC patients and survival outcomes in those sub-
groups were summarized in Table 1.

The effect of various characteristics on CSS and OS
were evaluated using the KM method. In the univariable
survival analysis (Table 1), significantly poorer CSS and
OS were observed with increasing cancer stage and tumor
size (p<0.001). Other factors associated with worse CSS


http://www.r-project.org/
http://www.r-project.org/

Hao and Yu BMC Women'’s Health

(2023) 23:278

Page 4 of 21

Table 1 Univariate and multivariate analysis of predicting CSS and OS before IPTW-adjustment in NEEC patients

Cause-specific survival

Overall survival

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

Characteristics Number HR (95% Cl) P HR (95% CI) P HR (95% CI) P HR (95% ClI) P
Age group (years)

<50 207 Reference Reference

50-65 3227 1.05(0.83-1.32)  0.708 1.27 (1.0-1.61) 0.049 1.08 (0.86-1.35)  0.522 1.30 (1.04-1.63) 0.022

>65 4079 124 (0.99-1.57) 0.067 1.55(1.22-1.96) <0.001 140(1.13-1.75)  0.003 1.71(1.37-2.15) <0.001
Year of diagnosis

2004-2008 1151 Reference Reference

2009-2013 2039 0.86 (0.78-0.95)  0.003 0.882(0.80-0.98) 0.018 0.86 (0.79-0.95)  0.002 0.90 (0.82-0.98) 0.029

2014-2018 4323 0.77 (0.70-0.85)  <0.001 0.76(0.68-0.85) <0.001 077 (0.69-0.84)  <0.001 0.78(0.70-0.86) <0.001
Race recode

Black 1616 Reference Reference

Others? 725 0.71(0.61-0.83) <0.001 0.66 (0.56-0.77) <0.001 0.74 (0.64-0.85) <0.001 0.71(0.61-0.81) <0.001

White 5172 0.84(0.77-092) <0.001 0.82(0.75-0.90) <0.001 0.85(0.78-0.92) <0.001 0384 (0.77-091) <0.001
Marital status

Divorced/separated 956 Reference Reference

Married 3769 0.88(0.79-0.99) 0.032  0.98(0.87-1.09)  0.670 0.87(0.78-0.96)  0.008 096 (0.86-1.07) 0421

Single/unmarried 1209 1.02 (0.89-1.17) 0.782 097 (0.85-1.11)  0.632 1.00 (0.88-1.14)  0.999 0.96 (0.85-1.09) 0.560

Unknown 342 0.77 (0.62-0.95) 0.014 0.87 (0.69-1.08)  0.196 0.82(0.67-0.99)  0.044 0.91(0.75-1.11) 0.363

Widowed 1237 1.13(0.99-1.29) 0.076 1.05(0.92-1.19)  0.507 1.22(1.08-137) 0.002  1.10(0.97-1.25) 0.123
Median household income

<$50,000 894 Reference Reference

$50,000-65,000 2135 0.99 (0.88-1.13)  0.955 1.10(097-1.24) 0.136 0.96 (0.86-1.08)  0.483 1.06 (0.94-1.18) 0.347

>$65,000 4484 0.88(0.78-0.98) 0.025 0.98(0.87-1.10)  0.750 0.83(0.75-0.92) <0.001 0.93(0.83-1.03) 0.158
Grade

I 103 Reference Reference

Il 278 5(0.73-1.81)  0.545 2(0.71-1.76) 0634 1.06 (0.72-156)  0.766 1.05(0.71-1.54) 03814

Il 3523 65 (1.10- 247) 0.015 142(0.95-2.13)  0.090 33(095-187) 0.101 1.18 (0.84-1.66) 0.340

\% 1846 1.63(1.08-244) 0.019 1.37(0.91-2.07) 0.128 1.33(0.95-1 88) 0.099 1.17(0.83-1.65) 0.386

Unknown 1763 146 (0.97-2.20)  0.068 1.21(0.81-1.83) 0357 1.22(0.86-1.72)  0.263 1.05 (0.74-1.48) 0.802
Histology

Clear cell 977 Reference Reference

Serous 5577 123(1.09-1.37) <0.001 1.11(0.98-1.25)  0.093 1.17(1.06-1.30)  0.003 1.10 (0.99-1.22) 0.087

Carcinosarcoma 959 199(1.72-232) <0.001 202 (1.72-2.38) <0.001 1.90 (1.65-2.19) <0.001 198(1.70-2.30) <0.001
TNM stage

TINOMO 2692 Reference Reference

T2NOMO 595 2.18(1.82-261) <0.001 206 (1.72-2.47) <0.001 2.02(1.72-2.36) <0.001 192(1.63-2.25) <0.001

T3-4aNOMO 919 3.58(3.11-4.12)  <0.001 3.28(2.84-3.80) <0.001 3.02 (2 67-3.43) <0.001 2.83(249-323) <0.001

TanyN1MO 1372 4.04 (3.55-459) <0.001 397 (3.46-4.56) <0.001 3.48(3.11-3.90) <0.001 3.56(3.15-4.03) <0.001

TanyN2MO 258 8(4.12-6.51) <0.001 4.84(381-6.16) <0.001 426 (340-526) <0.001 4.08(3.24-5.13) <0.001

TanyNanyM1 1677 9.95(8.85-11.19) <0.001 7.81 (6.83-8.92) <0.001 8.07(7.27-8.95) <0.001 6.52(5.78-7.35) <0.001
Surgery mode

Total hysterectomy 6764 Reference Reference

Extended! hysterec- 749 1.50(1.35-1.68) <0.001 1.12(1.00-1.25) 0.046 145 (1.31-1.61) <0.001 1.10(0.99-1.21) 0.086
tomy
Lymphadenectomy

Yes 5449 Reference Reference

No 1658 230(2.13-249) <0.001 1.46(1.33-1.59) <0.001 223(2.07-241) <0.001 147 (1.35-1.60) <0.001

SLN biopsy/removed 406 0.89(0.72-1.10)  0.285 1.03(0.83-1.29) 0.762 0.88(0.71-1.08)  0.205 1.01(0.82-1.24) 0931
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Cause-specific survival

Overall survival

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

Characteristics Number HR (95% Cl) P HR (95% Cl) P HR (95% ClI) P HR (95% Cl) P
Tumor Size (mm)
<20 905 Reference Reference
20-39 1639 1.38(1.18-1.61) <0.001 3(097-132) 0111 1.37(1.19-1.58)  <0.001 5(0.99-1.33) 0.057
40-59 1494 1.82(1.56-2.12) <0.001 1.31(1.12-1 53) <0.001 1.76(1.52-2.02) <0.001 1.29(1.11-1 48) <0.001
60-79 808 2.36(2.00-2.78) <0.001 1.33(1.12-1.57) 0.001 2.33(1.99-2.71) <0.001 1.35(1.15-1.58) <0.001
>80 778 3.05(2.59-359) <0.001 146(123-1.73) <0.001 297 (2.55-3. 46) <0.001 149(1.28-1.75) <0.001
Unknown 1889 1.88(1.62-2.17)  <0.001 1.24(1.07-1.43) 0.005 1.85(1.6 1) <0.001 1.26(1.10-1.45) <0.001
Adjuvant therapy
CRT 3171 Reference Reference
RT alone 795 0.94(0.81-1.08) 0381 1.12(0.99-1.27)  0.066 161(1.41-184) <0.001
CT alone 3547 1.93(1.78-2.09) <0.001 1.88(1.74-2.02)  <0.001 1.26(1.16-1.37) <0.001
Subclassification of AT
CT+EBRT 1236 Reference Reference
EBRT+VBT 153 0.64 (O 47-0.86) 0.004 0.99 (0.72-1.35) 0947 0.74 (0.57-097)  0.027 1.08 (0.83-1.42) 0.564
CT alone 3547 9(1.26-154) <0.001 1.15(1.03-1.29) 0.010 1.38(1.25-1.52) <0.001 1.17(1.06-1.30) 0.003
EBRT alone 336 0.96 (O 79-1.16) 0661 1 60( 96)  <0.001 1.13(0.95-133) 0.168 1.77 (148-2.12) <0.001
VBT alone 306 0.43(0.33-0. 56) <0.001 15 (O 87-152) 0322 0.57(0.455-0.709) <0.001 1.36 (1.0 72) 0.009
CT+VBT 1403 046 (0.39-0.53)  <0.001 0.84(0.72-0. 98) 0.024  048(042-0.55) <0.001 084 (O 73-0. 97) 0.018
CT+EBRT+VBT 532 0.88 (0.74-1.05)  0.148 0.89(0.75-1.06) 0.184 0.89(0.76-1.04)  0.152 0.90(0.77-1.06) 0.202

CT chemotherapy, RT radiotherapy, CRT chemoradiotherapy, AT adjuvant therapy, SLN sentinel lymph node. Race Others®: American Indian, Asian/Pacific Islander

and OS included histology of carcinosarcoma and serous
type, extensive surgeries, no performance of lymphad-
enectomy, low household income and year of diagnosis
between 2004 and 2009. Patients with white race com-
posed of the large proportion in the whole cohort and
posed better CSS and OS outcomes than those of black
race. Patients older than 65 years demonstrated poor
OS outcome than those younger, although no CSS dif-
ference in the age group. Regarding adjuvant treatment,
CT alone provided poorer survival impact compared to
those CRT cases (HR=1.929, P<0.001), however, similar
survival outcome was observed between RT alone and
CRT group (HR=0.938, P>0.05). More importantly, CT
plus VBT deserved the most beneficial effect on CSS and
OS. Besides, tumor grade was not evidently associated
with prognosis. In multivariable analysis with correction
for other covariates (Table 1), increasing tumor size and
patients’ age, progression of disease stage, no procedure
of lymphadenectomy, and histology of carcinosarcoma
were still related to poor survival. However, there was no
statistical difference in serous and clear cell type for both
CSS and OS. In comparison to CT or RT alone, receipt of
CT plus VBT was associated with CSS and OS benefit (all
P<0.001, HR > 1). Other covariates, such as tumor grade,
marital status, surgery mode and household income were
not statistically associated with survival outcome.

Exploration of adjuvant CRT utilization and RT/CT alone
among subgroups

To further explore the association of adjuvant therapy
among various clinicopathologic parameters, we strati-
fied the cohort by receipt of adjuvant CRT, RT or CT
alone. Before PSM and IPTW-adjustment by adjuvant
therapy, most baseline characteristics were significantly
unbalanced. Patients who received CRT tended to be
aged between 50 and 65, diagnosed between 2014 and
2018, with histology of carcinosarcoma and serous type,
in groups of advanced stage and tumor size bigger than
40 mm. Compared to CT alone, CRT administration was
more common in patients who were diagnosed in recent
period and as carcinosarcoma, in various cancer stage
except distant metastasis (TanyNanyM1). After PSM and
IPTW-adjustment by CRT vs. RT alone and CRT vs. CT
alone respectively, all baseline characteristics were well
balanced with P>0.05. The results were demonstrated in
supplementary Table 1. Thus both cohorts were explored
for further analysis.

Univariate and multivariate analysis for cause-specific
survival and overall survival

After PSM and IPTW-adjustment, receipt of RT alone
showed similar CSS and OS outcome compared to CRT
based on univariate analysis (UVA), whereas, detrimental
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Table 2 Survival analysis of predicting CSS and OS after IPTW-adjusted by CRT or RT in NEEC patients
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Cause-specific survival Overall survival

Univariate analysis Multivariate analysis Univariate analysis

Multivariate analysis

Characteristics HR (95% Cl) P HR (95% ClI) P HR (95% Cl) P HR (95% Cl) P
Adjuvant treatment

CRT Reference Reference

RT alone 0.94 (0.82-1.81) 0.384 148 (1.25-1.74) <0.001 1(098-1.26) 0.104 1.64(142-189) <0.001
Age group (years)

<50 Reference Reference

50-65 1.03 (0.70-1.49) 0.896 0.99 (0.68-1.46) 0.981 093 (0.65-1.34)  0.707 5(0.80-1.65) 0459

>65 1.29 (1.15-1.46) <0.001 1.32(0.90-1.94) 0.153 140 (1.26-1.56) 0.024 1.60(1.11-230)  0.011
Year of diagnosis

2004-2008 Reference Reference

2009-2013 0.90 (0.77-1.05) 0.164 0.91 (0.78-1.08) 0275 0.88(0.76-1.01)  0.061 092 (0.80-1.07) 0271

2014-2018 0.85 (0.73-0.99) 0.036 0.87 (0.73-1.03) 0.114 0.82(0.71-0.94)  0.005 0.87(0.74-1.02)  0.093
Race redode

Black Reference Reference

Others? 0.64 (0.49-0.83) 0.001 0.58 (0.45-0.76) <0.001 0.71(056-0.89) 0.004 0.69 (0.54-0.88)  0.002

White 0.84 (0.73-0.97) 0.015 0.83 (0.71-0.96) 0.010 0.86(0.75-0.97)  0.017 0.85(0.75-0.98)  0.023
Marital status

Divorced/separated Reference Reference

Married 0.92(0.77-1.10) 0.347 1.03 (0.85-1.23) 0.779 0.90(0.76-1.06)  0.190 01(0.85-1.19)  0.907

Single/unmarried 0.94(0.75-1.17) 0.557 0.92(0.73-1.15) 0462 0.95(0.77-1.16)  0.588 0.95(0.77-1. 17) 0.620

Unknown 0.81(0.58-1.12) 0.197 0.77 (0.56-1.07) 0.125 0.85 (0.63-1. 15) 0.292 082 (061-1.11) 0202

Widowed 21(0.99-1.49) 0.067 1.16 (0.94-1.44) 0.169 134 (1.11-1.61)  0.002 1.24 (1.02-1.50)  0.030
Median household income
<$50,000 Reference Reference

$50,000-65,000 1.07 (0.88-1.29) 0.495 1.09(0.90-1.32) 0.371 1.11(093-131) 0.241 1.05(0.89-1.25) 0.549

>$65,000 0.80(0.71-0.91) 0.001 0.93(0.770-1.111) 0405 0.79(0.70-0.88)  <0.001 087(0.74-1.03) 0.101
Grade

\ Reference Reference

I 1.22 (0.61-2.45) 0.568 1.19(0.59-2.39) 0.631 1.10(0.63-191)  0.743 1.09 (0.62-1.90)  0.773

Il 1.79 (0.96-3.35) 0.067 1.67 (0.89-3.13) 0.112 133(081-2.19) 0256 130(0.79-2.14) 0310

Y 1.73(0.92-3.24) 0.089 1.55(0.82-2.93) 0.176 1.32(0.80-2.17)  0.282 1.24(0.75-2.05) 0412

Unknown 144 (0.76-2.71) 0.259 1.35(0.71-2.56) 0358 1.10(0.66-1.81) 0.724 1.07 (0.64-1.78)  0.797
Histology

Clear cell Reference Reference

Serous 136 (1.14-1.61) <0.001 1.28 (1.07-1.53) 0.005 1.25(1.08-1.45)  0.003 1.23(1.05-1.44) 0.009

Carcinosarcoma 207 (1.63-2.61) <0001 201 (1.56-2.59) <0001 1.88(1.52-233) <0001 1.87(1.48-237) <0.001
TNM stage

TINOMO Reference Reference

T2NOMO 2.09 (1 69-2.59) <0001  1.95(1.57-242) <0001 1.85(1.53-223) <0001 1.72(1.42-208) <0.001

T3-4aNOMO 1 (2.66-3.87) <0.001  3.191 (2.63-3.88) <0001 270(229-3.19) <0.001 272(2.29-3.23) <0.001

TanyNTMO 3.68(3.12-4.33) <0001 3.86(324-4.61) <0001 3.09(268-357) <0001 341(292-399) <0.001

TanyN2MO 4.94 (3.65-6.69) <0.001 492 (3.59-6.74) <0001 3.88(290-521) <0001 4.08(3.01-552) <0.001

TanyNanyM1 8.82(7.28-10.67) <0.001 867(7.03-10.68) <0.001 6.94 (5.82-8.27) <0.001 6.94(5.73-841) <0.001
Surgery mode

Total hysterectomy Reference Reference

Extended hysterectomy  1.37 (1.14-1.64) 0.001 1.05 (0.87-1.26) 0.635 1.26 (1.07-1.50)  0.007 0.99 (0.83-1.18)  0.895
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Table 2 (continued)

Page 7 of 21

Cause-specific survival

Overall survival

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

Characteristics HR (95% Cl) P HR (95% ClI) P HR (95% Cl) P HR (95% Cl) P
Lymphadenectomy
Yes Reference Reference
No 1.60 (1.37-1.87) <0.001 1.34(1.13-1.58) <0.001 1.73 (1.50-1.99) <0.001 1.46 (1.25-1.70) <0.001
SLN biopsy/removed 091 (0.67-1.23) 0.519 0975 (0.716-1.327)  0.871 0.89(067-1.18) 0414 094 (0.70-1.26)  0.685
Tumor Size (mm)
<20 Reference Reference
20-39 140 (1.10-1.77) 0.006 1.14 (0.89-1.45 0.291 141 (011 75)  0.002 9(096-148) 0.122
40-59 2.09 (1.65- 264) <0.001 142 (1.12-1.81 0.003 1.99 (1.61 247) <0.001 143 (1.15-1 78) 0.001
60-79 2.34(1.80-3.03) <0.001  1.34(1.02-1.74 0.033 235(1.86-298) <0.001 1.42(1.11-1.80) 0.005
>80 3.31(2.57-4.26) <0.001 1.74 (1.34-2.26 <0.001 3.29(2.61-4.15) <0.001 1.87 (1.47-2.37) <0.001
Unknown 1.62 (1.28-2.04) <0001  1.24(0.98-1.57 0.076 1.65(1.34-204) <0.001 131(1.06-1.62) 0014

RT radiotherapy, CRT chemoradiotherapy, SLN sentinel lymph node. Race Others®: American Indian, Asian/Pacific Islander. IPTW inverse probability treatment

weighting

CSS (HR 1.475, 95% CI 1.252-1.736) and OS (HR 1.637,
95% CI 1.421-1.886) outcome on multivariate analy-
sis (MVA), both with statistical significance as listed in
Table 2. As described above, CT alone showed detrimental
effect compared to CRT on CSS and OS (HR > 1, P<0.001)
both on UVA and MVA. Similar results were obtained fol-
lowing PSM and IPTW-adjustment, as shown in Table 3.
CSS and OS improvements in patients who underwent RT
persisted, as did the CSS and OS detriments associated
with all other significant factors pre-adjustment.

Exploratory Subgroup Analysis in stage I-IV NEEC patients
Based on the above analysis, CRT showed beneficial
effect of survival outcome compared to CT alone, how-
ever, similar impact to RT alone in UVA analysis. The
result promoted us to further explore who will finally
benefit from the combined CRT treatment. An explora-
tory subgroup analysis was conducted in selected sub-
groups related to prognosis, as shown in the forest plot
(Fig. 1). Before and after matching, heterogeneity was
high (I2>50%) on fixed-effects model, therefore, we
employed the random-effects model to illustrate the
result. After IPTW-adjustment, most subgroups showed
similar survival outcome between RT alone and CRT
given. Interestingly, possible improved CSS (Fig. 1a) and
OS (Fig. 1b) were observed after CRT administration in
various TNM stage subgroups and histology of carci-
nosarcoma. No survival difference was demonstrated in
serous and clear cell subgroups for RT alone compared
to CRT administered. When compared to CT alone, CRT
given posed beneficial impact on CSS (Fig. 1c) and OC
(Fig. 1d) in most subgroups with statistical significance
(p<0.05), verifying addition of RT to CT benefits most
patients.

Sensitivity analysis among various TNM stages in serous
and clear cell histology

As abovementioned, patients with serous histology repre-
sented 74.23% (5577/7513) of the whole cohort, among of
which 25.55% of participants in this subgroup had reached
at least 5 years of follow-up. To further validate the role of
various adjuvant modalities in treating patients with serous
histology, we conducted a sensitivity analysis by comparing
the OS and CSS based on TNM stages. Patients were clas-
sified based on whether or not they received any RT or CT
and on the number receiving specific RT type. The adju-
vant therapy was classified as follows: VBT alone, EBRT
alone, CT alone, VBT+EBRT, VBT+CT, EBRT+CT,
VBT +EBRT+CT. Estimated CSS and OS adjusted for
stratification factors at 5 years was concluded in Table 4
and Fig. 2. In TINOMO (Fig. 2a) and T2NOMO (Fig. 2b),
VBT alone showed similar CSS and OS impact to other
modalities, with the exception of EBRT alone in TINOMO
stage, with 5-year CSS 62.81% in EBRT plus CT versus
52.41% in EBRT alone group and corresponding OS 57.96%
versus 42.36%. In T3-4aNOMO (Fig. 2c¢), a survival improve-
ment was observed for CSS and OS after performance of
VBT combined with CT. When pelvic or para-aortic nodal
metastasis (TanyN1-2MO0) was identified, combination of
CT with any method of RT posed beneficial effect than
EBRT or CT alone (Fig. 2d). Whereas distant metastasis
was confirmed (TanyNanyM1), combination of CT with
EBRT or VBT was beneficial than CT alone, although CT
alone was more given than CRT (Fig. 2e). However, most
of UCS patients died or lost to follow-up within five years
after initial diagnosis, hindering 5-year survival analysis.
For CCC patients, similar 5-year survival rate to that of
SC patients was observed in TINOMO stage, and better
survival compared to that of SC cases in advanced stage.
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Table 3 Survival analysis of predicting CSS and OS after IPTW-adjusted by CRT or CT in NEEC patients

Page 8 of 21

Cause-specific survival

Overall survival

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

Characteristics HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
Adjuvant treatment

CRT Reference Reference

CT alone 1.96 (1.81-2.12) <0.001 1.25(1.14-1.37) <0.001 1.90(1.76-2.05) <0.001 1.27(1.17-138) <0.001
Age group (years)

<50 Reference Reference

50-65 0.99 (0.77-1.26) 0.908 1.27 (0.99-1.62) 0.058 099(0.78-1.25) 0917 1.27(1.08-161) 0.044

>65 1.16(091-1.42) 0.221 1.53(1.19-1.95) 0.001 1.25(0.99-1.57) 0.062 1.62(1.28-2.05) <0.001
Year of diagnosis

2004-2008 Reference Reference

2009-2013 0.78 (0.69-0.86) <0.001 0.84(0.76-0.94) 0.002 0.80(0.72-0.88)  <0.001 0.87(0.78-0.96) 0.006

2014-2018 0.69 (0.62-0.76) <0.001 0.726(0.649-0812) <0.001 0.71(064-0.78)  <0.001 0.75(0.68-0.84) <0.001
Race recode

Black Reference Reference

Others? 0.74 (0.63-0.86) <0.001 0.68(0.58-0.80) <0.001 0.76 (0.66-0.88) <0.001 0.72(062-0.83) <0.001

White 0.87 (0.79-0.96) 0.003 0.85 (0.77-0.93) 0.001 0.87(0.79-095)  0.001 0.85(0.80-0.93) <0.001
Marital status

Divorced/separated Reference Reference

Married 0.88 (0.78-0.98) 0.026 0.95 (0.85-1.07) 0438 0.85(0.76-0.95)  0.005 0.93(0.8301.04) 0.199

Single/unmarried 1.09(0.88-1.16) 0915 0.97(0.84-1.12) 0.655 0.98 (0.86-1.12) 0.794 0.96 (0.84-1.09) 0.502

Unknown 0.76 (0.61-0.96) 0.018 0.89(0.71-1.12) 0310 0.81 (0.65-0. 99) 0.041 093(0.76-1.15) 0516

Widowed 1.13(0.98-1.29) 0.095 1.018 (0.883-1.172)  0.809 8(1.04-1.34) 0.012 1.06 (0.93-1.21) 0413
Median household income

<$50,000 Reference Reference

$50,000-65,000 1.01(0.89-1.16) 0.908 1.11(0.98-1.26) 0.115 0.98(0.87-1.11) 0.738 1.07 (0.95-1.21) 0.257

>$65,000 0.90 (0.80-1.01) 0.077 0.99 (0.88-1.12) 0.887 0.85(0.76-0.96) 0.006 094 (0.84-1.05) 0.270
Grade

| Reference Reference

Il 1.14 (0.70-1.86) 0.588 1.10 (0.68-1.79) 0.698 1.07 (0.70-164)  0.750 1.05 (O 69-1 61) 0814

Il 1.68 (1.09-2.58) 0.019 1.42(0.92-2.19) 0.115 1.40 (0.96-2. 04) 0.076 0(0.83-1.76) 0333

% 1.65 (1.07-2.55) 0.023 1.38(0.89-2.13) 0.149 141(097-2.06)  0.073 1.20 (0.82-1 75) 0.354

Unknown 1.52(0.98-2.34) 0.062 1.22 (0.79-1.89) 0.381 1.31 (0.90-1.92) 0.160 1.07 (0.73-1.57)  0.715
Histology

Clear cell Reference Reference

Serous 1.12(0.99-1.27) 0.083 1.07 (0.94-1.21) 0322 1.08 (0.96-1.21) 0.225 1.03(0.92-1.16) 0.610

Carcinosarcoma 1.73(1.47-2.03) <0.001 1.90(1.597-2.252) <0.001 1.67(1.43-1.94) <0.001 1.81(1.54-2.13) <0.001
TNM stage

TINOMO Reference Reference

T2NOMO 2.20(1.78-2.71) <0.001 2.11(1.71-2.61) <0.001 209(1.73-2.537) <0.001 202(1.67-244) <0.001

T3-4aNOMO 3.74 (3.20-4.36) <0.001 343(2.933-4.013) <0.001 3.30(2.87-3.79) <0.001 305(264-352) <0.001

TanyNTMO 4.22 (3.67-4.86) <0.001 4.12(3566-4.766) <0.001 3.86(340-438) <0.001 3.78(332-431) <0.001

TanyN2MO 5.58 (4.40-7.08) <0.001 5.21 (4.082-6.648) <0.001 4.78(3.80-6.00) <0.001 443(351-560) <0.001

TanyNanyM1 10.62(9.32-12.10) <0.001 8.02 (6.964-9.235) <0.001 906(805-10.20) <0.001 6.85(6.03-7.79) <0.001
Surgery mode

Total hysterectomy Reference Reference

Extended hysterectomy  1.53 (1.37-1.71) <0.001 1.14(1.02-1.28) 0.021 1.49 (1.34-1.66) <0.001 1.13(1.06-126) 0.026
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Table 3 (continued)
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Cause-specific survival

Overall survival

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

Characteristics HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
Lymphadenectomy
Yes Reference Reference
No 2.33(2.15-2.53) <0.001 147(1.34-1.61) <0.001 224(2.07-242) <0.001 145(1.32-158) <0.001
SLN biopsy/removed 0.86 (0.69-1.07) 0.182 1.02 (0.81-1.28) 0.883 0.85(0.70-1.05)  0.137 0.99(0.80-1.24) 0970
Tumor Size (mm)
<20 Reference Reference
20-39 130 (1.11-1.53) 0.001 1.08 (0.92-1.26) 0378 1.31(1.13-1.53) <0.001 1.10(0.94-1.28) 0.241
40-59 1.72(1.47-2.02) <0.001 1.26(1.07-1.48) 0.006 70 (1.46-1.97) <0.001 1.24(1.07-145) 0.005
60-79 2.21(1.87-2.63) <0.001 1.27(1.07-1.52) 0.007 2.22(1.89- 261) <0.001 1.29(1.10-1.53) 0.002
>80 2.80(2.37-3.32) <0.001 1.39(1.17-1.66) <0.001 2380(2.39-3.29) <0.001 143(1.21-1.69) <0.001
Unknown 1.82(1.56-2.11) <0.001 1.18(1.01-1.37) 0.041 82 (1.58-2.10) <0.001 1.21(1.05-140) 0.010

CT chemotherapy, CRT chemoradiotherapy, SLN sentinel lymph node. Race Others®: American Indian, Asian/Pacific Islander. IPTW inverse probability treatment weighting

However, limited number of CCC patients affected the
final survival analysis separated by tumor stage and addi-
tion therapies, which may explain no significant differ-
ence among various adjuvant treatments (supplementary
table 2).

Discussion

The current study was a retrospective population-based
analysis with, to our knowledge, the largest sample size
for exclusive non-endometrioid endometrial carcinomas
which encompassed a relatively complete spectrum of his-
tology. Through SEER database exploration, we demon-
strated important prognostic factors affecting CSS and OS,
including patients’ age, cancer histology, tumor size, TNM
stage and adjuvant treatment options. Particular attention
was paid to the survival benefit of adjuvant modalities for
NEEC patients who underwent TAH-based surgery. As a
result, vaginal brachytherapy plus chemotherapy deserved
the most beneficial effect than any other single or com-
bined options. Sensitivity analysis was conducted to assess
the reliability of results in patients with serous histology,
proving the estimated effect in the primary analysis.

In the current study, histology was the most important
factor affecting CSS and OS. Patients with UCS showed a
significantly shorter survival period than SC and CCC, both
before and after IPT'W-adjustment by adjuvant treatment,
which was in agreement with a recent large cohort meta-
analysis that reported UCS with an increased risk of death
compared to SC and CCC [16]. Prior reports have indicated
that serous cancer was more chemo-responsive than clear
cell subtype [17], therefore, separate evaluations in terms
of various adjuvant modalities impact on uterine SC and

CCC are necessary. Fortunately, our study’s large number of
serous carcinoma cases allowed further analysis of the vari-
ous adjuvant treatments stratified by stage.

For women with early-stage SC, this analysis indicated
changing trend in terms of adjuvant therapy, specifically
speaking, adjuvant CT and VBT were more administered
compared to EBRT. In addition, similar benefits of VBT
alone were shown compared to other adjuvant options,
with the exception of EBRT alone which showed worst
benefit. However, addition of CT to VBT did not show
survival benefit. These results agreed with the report
from the National Cancer Database (NCDB) in which
adjuvant CT and VBT have been increasingly adminis-
tered, whereas the use of EBRT has decreased [18]. The
trend from EBRT to VBT may be partially attributed to
the PORTEC-2 trial which analyzed high-intermediate
risk endometrial cancer and found VBT to be non-infe-
rior and resulted in fewer side effects compared to EBRT
[19]. Accordingly, some current guidelines recommend
adjuvant VBT for women with early stage high-interme-
diate risk endometrial cancer [20]. However, conflict-
ing results persisted with respect to VBT as a complete
substitute of EBRT in patients with stage I USC. The
current analysis and existing literature revealed VBT
alone might be an option in early stage SC, while the
combined schedule should mainly be recommended for
women in advanced stage. For patients in stage III-IVA
without nodal metastasis, better survival outcome was
prominent in the combined utilization of CT and VBT,
although addition of EBRT to CT did not show survival
benefit than CT alone. When positive pelvic or para-aor-
tic nodes were identified, CT plus either EBRT or VBT
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aSubgroup n Hazard Ratio (95% CI) % Weight P value
Age (years) o
<50 99 0.69 0.154
50-65 1684 2.77 0.001
>65 2183 3.68 0.890
Year of diagnosis
2004-2008 614 2.50 <0.001
2009-2013 989 3.05 0.508
2014-2018 2363 3.26 0.556
Race
White 2798 3.77 0.090
Others 330 0.93 0.070
Black 838 2.96 0.044
Marital status
Married 2026 3.42 0.081
Single/unmarried 596 2.33 0.781
Widowed 659 2.69 0.706
Divorced/separated 489 2.13 0.464
Unknown 196 0.91 0.542
Income
<$50,000 466 2.11 0.542
$50,000-65,000 1102 3.18 0.634
>$65,000 2398 3.59 0.289
Tumor grade
1 62 0.32 0.707
s 166 1.15 0.160
111 1867 3.53 0.669
v 938 2.86 0.325
Unknown 933 2.68 0.819
Histology
Clear cell 616 2.06 0.290
Serous 2815 3.72 0.160
Carcinosarcoma 535 2.15 <0.001
TNM stage
TINOMO 1759 2.81 0.014
T2NOMO 445 1.92 0.573
T3-4aNOMO 487 2.34 0.098
TanyN1MO 833 224 0.002
TanyN2MO 154 0.32 0.676
TanyNanyM1 288 1.14 0.013
Surgery mode
Total hysterectomy 3623 391 0.454
gé;dical hysterecto 343 2.00 0.603
Lymphadenectomy
Yes 3201 3.82 0.062
No 502 2.56 0.517
f;/‘;ggﬂv‘;%de biop 263 0.73 0618
Tumor Size (mm)
<20 500 1.29 0.008
20-39 899 2.70 0.707
40-59 840 2.81 0.719
60-79 422 2.03 0.669
>80 389 2.10 0.135
Unknown 916 b @el 2.86 0.803
Overall DL(12=63%) 3966 L3 100.00

I 0}5 1?0 1?5 2?0 2?5 350 315 4!0
Surgery+RT Surgery+CRT

Fig. 1 Exploratory subgroup analysis concerning postoperative adjuvant treatment impact on survival outcome in the whole cohort. a

Cause-specific survival after IPTW-adjustment stratified by CRT and RT. b Overall survival after IPTW-adjustment stratified by CRT and RT. ¢

Cause-specific survival after IPTW-adjustment stratified by CRT and CT. d Overall survival after IPTW-adjustment stratified by CRT and CT.

Cl: confidence interval; HR: hazard ratio; IPTW: inverse probability of treatment weighting; CRT: chemoradiotherapy; CT: chemotherapy; RT:

radiotherapy. The vertical solid-line refers to a hazard ratio of 1.0. P<0.05 indicates statistical significance
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IJSubgroup n Hazard Ratio (95%CI) % Weight P value
Age (years) 0
<50 99 fo@enenee -l 0.54 0.097
50-65 1684 -@-- 2.70 0.001
>65 2183 E"'."" 3.77 0.013
Year of diagnosis :
2004-2008 614 @1 2.59 0.017
2009-2013 989 |- @--- 3.13 0.408
2014-2018 2363 - @l 3.17 0.348
Race :
White 2798 3.89 0.342
Others 330 1.10 0.299
Black 838 2.87 0.016
Marital status
Married 2026 3.47 0.797
Single/unmarried 596 227 0.429
Widowed 659 2.67 0.131
Divorced/separated 489 2.05 0.637
Unknown 196 0.91 0.687
Income
<$50,000 466 2.05 0.835
$50,000-65,000 1102 3.21 0.617
>$65,000 2398 3.68 0.253
Tumor grade
1 62 0.43 0.249
11 166 1.19 0.053
11 1867 3.60 0.2
v 938 2.90 0.897
Unknown 933 2.68 0.429
Histology
Clear cell 616 2.03 0.26
Serous 2815 3.86 0.141
Carcinosarcoma 535 1.94 <0.001
TNM stage
TINOMO 1759 2.84 <0.001
T2NOMO 445 1.88 0.102
T3-4aNOMO 487 239 0.002
TanyN1MO 833 2.10 0.001
TanyN2MO 154 0.24 0.695
TanyNanyM1 288 0.97 0.006
Surgery mode
Total hysterectomy 3623 4.03 0.095
ge;dlcal hysterecto 343 1.92 0.903
Lymphadenectomy :
Yes 3201 Fo-1 3.92 0.863
No 502 2.52 0.043
Ssyc/';s“;ﬂv’;‘(’idc biop 263 0.67 0.466
Tumor size (mm)
<20 500 1.31 0.054
20-39 899 2.77 0.05
40-59 840 2.76 0.585
60-79 422 2.08 0.133
>80 389 2.01 0.061
Unknown 916 2.90 0.357
Overall DL(12=61%) 3966 i 100.00

T T
0.5 1.0 15 2.0
Surgery+RT Surgery+CRT

T
2.5 3.0 3.5 4.0

Fig. 1 continued
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cSubgroup n Hazard Ratio (95%CI) % Weight P value
Age (years) o

<50 184 Pioeeeenes L IR 1 0.77 0.093
50-65 2991 : I----@---- 3.43 <0.001
>65 3543 : I--- @4 3.63 <0.001
Year of diagnosis ;

2004-2008 901 : koo @eeees i 2.77 <0.001
2009-2013 1856 : I----@---f 3.31 <0.001
2014-2018 3961 : I----@----- 3.42 <0.001
Race :

White 4591 I---@---1 3.75 <0.001
Black 1458 : boooe@eeeeees 2.88 <0.001
Others 669 : oo nee e @ 1.65 <0.001
Marital status :

Married 3410 booo@eeed 3.55 <0.001
Single/unmarried 1101 : leeeeee L RLRLEEEEE 247 <0.001
Widowed 1039 : booe @eeee e | 2.64 <0.001
Divorced/separated 856 [[EEEEEE {_JEEEEEREE 1 2.33 <0.001
Unknown 312 loemnnnnnennnees L ARMRRRLRRRRRLRLRLARRRRREE 1 0.96 <0.001
Median household income

<§50,000 787 L i 2.24 <0.001
$50,000-65,000 1919 : l---@---q 3.22 <0.001
>$65,000 4012 : [l 2| 3.63 <0.001
Tumor grade

1 90 Lol L | 0.26 0.023
11 228 : frommmmmsennoe e L AR 1 0.73 <0.001
1l 3152 : 1---@--- 3.54 <0.001
v 1677 : b @eel 3.12 <0.001
Unknown 1571 [N ®----oee ! 2.74 <0.001
Histology :

Clear cell 745 1.91 <0.001
Serous 5092 3.83 <0.001
Carcinosarcoma 881 2.05 <0.001
TNM stage

TINOMO 2200 1.48 0.313
T2NOMO 456 0.40 0.006
T3-4aNOMO 847 2.44 0.001
TanyN1MO 1306 1.64 0.004
TanyN2MO 254 0.33 0.262
TanyNanyM1 1655 1.46 0.006
Surgery mode H

Total hysterectomy 6036 t-@- 3.87 <0.001
ﬁz;dical hysterecto 682 [ P 4 225 <0.001
Lymphadenectomy i

Yes 4832 boo®@--l 3.64 <0.001
No 1518 Jomomnneneees @ oo I 2.12 <0.001
Sentinel node biop 368 | R R P LR EPEPEPEPE @ -nennen { 0.61 <0.001
sy/removed .

Tumor size (mm) 0

<20 782 : broenenes L ARRER 1 1.77 <0.001
20-39 1461 : I-=-e ®------- 1 2.68 <0.001
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dSubgroup n Hazard Ratio (95%CI) % Weight P value
Age (years) .
<50 184 ieeeeeee L AR 0.73 0.106
50-65 2991 : bo--@-cl 3.44 <0.001
>65 3543 ; I---@---1 3.68 <0.001
Year of diagnosis I
2004-2008 901 Lk S 2.80 <0.001
2009-2013 1856 : b @l 3.34 <0.001
2014-2018 3961 I @----f 3.42 <0.001
Race :
White 4591 : @1 3.80 <0.001
Black 1458 : oo @ eeee I 2.87 <0.001
Others 669 R @ ooeeeeees I 1.67 <0.001
Marital status
Married 3410 : I---@---4 3.57 <0.001
Single/unmarried 1101 : eee ®----ooe 1 245 <0.001
Widowed 1039 : oo @eeeee] 2.67 <0.001
Divorced/separated 856 [RRE ®----oe- 1 2.30 <0.001
Unknown 312 [oemeeeeennnnee @ 0.93 <0.001
Median household income 0
<$50,000 787 L 1 224 <0.001
$50,000-65,000 1919 5 [l | 3.24 <0.001
>$65,000 4012 : I---@----| 3.66 <0.001
Tumor grade ;
1 90 0.29 0.026
il 228 0.79 0.001
111 3152 3.56 <0.001
v 1677 3.12 <0.001
Unknown 1571 2.73 <0.001
Histology
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Serous 5092 3.88 <0.001
Carcinosarcoma 881 1.97 <0.001
TNM stage
TINOMO 2200 Broe@eeeeend ! 1.59 0.094
T2NOMO 456 : Brorsmmerseee e L . 0.43 <0.001
T3-4aNOMO 847 R EEE 242 0.001
TanyNIMO 1306 I @--enrenend 1.62 0.001
TanyN2M0 254 D SRLREEEEEE @ - c-ne o 1 0.30 0.232
TanyNanyMI 1655 Coleeeeeees @ -oonnnenes 1 136 0.004
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Total hysterectomy 6036 I--@--1 3.94 <0.001
&z;dlcal hysterecto 632 [T P 218 <0.001
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Tumor size (mm) -
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Fig. 1 continued
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Table 4 Estimated five-year OS and CSS in endometrial serous carcinoma stratified by TNM stages and adjuvant treatments

Cause-specific survival

Overall survival

TNM stage Number Estimate, % (95%CI) Hazard ratio (95%Cl) Pvalue Estimate, % (95%Cl) Hazard ratio (95%ClI) P value
TINOMO 1932 84.64%(82.67-86.41) 81.41%(79.32-83.32)
EBRT+CT 150 84.17% (75.77-89.86)  Reference 82.24% (73.53-88.31)  Reference
CT alone 732 84.96% (81.59-87.76)  1.037 (0.620-1.734) 0.889 81.93% (78.38-84.96)  1.131 (0.698-1.835) 0617
EBRT alone 103 70.84% (59.45-79.56)  2.281 (1.220-4.264) 0.010 64.96% (53.59-74.20)  2.507 (1.406-4.470) 0.002
VBT alone 155 87.19% (78.87-9239)  0.921 (0.453-1.872) 0.820 77.76% (68.15-84.79)  1.457 (0.796-2.666) 0.223
EBRT+VBT 46 76.67% (58.17-87.79)  1.257 (0.540-2. 922) 0.596 74.73% (56.51-86.18)  1.256 (0.567-2.782) 0574
VBT+CT 692 85.04% (81.12-88.21)  0.999 (0.588-1.699) 0.998 82.93% (78.92-86.24)  1.068 (0.648-1.760) 0.796
EBRT+VBT+CT 54 79.93% (63.26-89.62)  1.189 (0.514-2.753) 0.686 74.60% (57.47-85.64) 1384 (0.644-2.974) 0.405
T2NOMO 425 63.82%(58.47-68.68) 59.37%(54.02-64.31)
EBRT+CT 63 62.81% (45.27-76.11)  Reference 57.96% (41.51-71.30)  Reference
CT alone 124 65.01% (54.33-73.78)  1.053(0.582-1.902) 0.865 60.71% (50.26-69.62)  0.987 (0.578-1.685) 0.961
EBRT alone 32 5241% (32.10-69.25)  1.648(0.792-3.426) 0.181 42.36% (24.46-59.22)  1.730 (0.906-3.303) 0.097
VBT alone 20 59.27% (34.74-77.20)  1.395 (0.596-3.262) 0443 55.00% (31.34-73.49)  1.260(0.573-2.771) 0.565
EBRT+VBT 22 15% (33.39-81.37)  0.927 (0.363-2.370) 0.874 56.06% (28.55-76.55)  0.865 (0.366-2.047) 0.741
VBT+CT 104 61.36% (49.08-71.52)  1.032 (0.562-1.893) 0919 58.70% (46.43-69.07)  0.882 (0.504-1.542) 0.659
EBRT+VBT+CT 60 63.63% (46.53-76.56)  1.047 (0.518-2.119) 0.897 62.34% (45.51-75.30)  0.894 (0.463-1.725) 0.738
T3-4aNOMO 721 51.77% (47.77-55.61) 48.439%(44.49-52.25)
EBRT+CT 138 47.04% (37.16-56.30) 44.45% (34.91-53.55)
CT alone 347 47.55% (41.57-53.28)  0.945 (0.696-1.284) 0.719 45.05% (39.20-50.72)  0.936 (0.695-1.261) 0.664
EBRT alone 30 45.28% (22.55-61.30)  0.847 (0.463-1.547) 0.588 33.77% (17.33-51.05)  0.985 (0.573-1.692) 0.956
VBT alone 9 23.47% (2.64-56.10) 1.340 (0.573-3.132) 0.499 20.00% (2.30-50.31) 1.456 (0.654-3. 242) 0357
EBRT+VBT 9 4727% (12.00-76.74) 0578 (0.202-1.651) 0.306 47.27% (12.00-76.74)  0.504 (0.173-1.468) 0.209
VBT+CT 117 68.24% (58.23-76.33)  0.595 (0.386-0.916) 0.018 65.50% (55.41-73.83)  0.584 (0.385-0. 888) 0.012
EBRT+VBT+CT 71 49.20% (34.22-62.55)  0.908 (0.572-1.441) 0.681 44.84% (30.50-58.17)  0.966 (0.621-1.503) 0.879
TanyN1-2M0 1220 47.64%(44.52-50.69) 43.64%(40.60-46.64)
EBRT+CT 408 49.13% (43.08-54.88) 45.51% (39.65-51.18)
CT alone 497 42.32% (37.23-47.31)  1.239(1.012-1.518) 0.038 38.06% (33.19-42.91)  1.249 (1.029-1.514) 0.024
EBRT alone 28 26.43% (9.27-47.49) 1.945 (1.180-3.205) 0.009 19.38% (6.00-38.41) 2.045 (1.273-3.286) 0.003
VBT alone 3 3.132(0.767-12.792) 0112 4391 (1.385-13.920) 0.012
EBRT+VBT 15 55.78% (26.35-77.45)  0.958 (0413-2.222) 0.920 36.43% (13.18-60.45)  1.279 (0.631-2.592) 0.496
VBT +CT 96 53.94% (42.02-64.44)  0.863 (0.600-1.242) 0.429 .19% (39.54-61.67)  0.851 (0.601-1.205) 0.364
EBRT+VBT+CT 173 43.99% (34.38-53.17)  1.050 (0.789-1.396) 0.740 17% (31.82-50.26)  1.026 (0.779-1.350) 0.857
TanyNanyM1 1279 1.45% (19.11-23.89) 18.92%(1 6.72-21.24)
EBRT+CT 118 23.63% (15.35-32.93)  Reference 21.88% (14.10-30.76)
CT alone 1062 16.48% (13.75-19.42)  0.954 (0.752-1.208) 0.694 14.51% (12.02-17.22)  0.957 (0.760-1.206) 0.710
EBRT alone 10 0 3.700 (1.901-7.199) <0.001 0 3.538(1.822-6.871) <0.001
VBT alone 1 0 7639 (1.045-55.816) 0.045 0 7.644 (1.047-55.789) 0.045
EBRT+VBT 2 0 4994 (1.215-20.518) 0.026 0 4.853(1.183-19.914) 0.028
VBT+CT 55 22.81% (1045-38.02)  0.656 (0.433-0.992) 0.046 21.83% (10.00-36.58)  0.657 (0.439-0.982) 0.041
EBRT+VBT+CT 31 23.13% (8.84-41.33) 0.721 (0.444-1.170) 0.185 19.09% (6.46-36.76) 8(0.447-1.152) 0.170

CT chemotherapy, EBRT external beam radiotherapy, VBT vaginal brachytherapy

deserved beneficial impact on survival compared to any
single option. This result agreed with one large cohort of
NCDB analysis, which indicated the addition of RT to
CT promoted survival among women with node-positive

serous endometrial cancer [2

1]. Several retrospective

multicenter studies reported a significant benefit of CRT
compared with CT or EBRT alone in stage IIIC endome-
trial cancer [22] or stage III-IV endometrial serous can-
cer [23]. Conversely, in the randomized GOG-258 trial
[10] for stage III-IV endometrial cancer, CRT did not
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Fig. 2 Sensitivity analyses for various treatment modalities on patients with serous histology. a CSS and OS in TINOMO. b CSS and OS in T2NOMO. ¢
CSS and OS in T3-4aNOMO. d CSS and OS in TanyN1-2M0. e CSS and OS in TanyNanyM1. Cl: confidence interval; HR: hazard ratio; CSS: cause-specific
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significance
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Fig. 2 continued

improve OS or PFS, but the rate of pelvic and para-aortic
nodal relapse was substantially lower in the CRT arm.
With respect to stage IVB or distant metastasis of serous

cancer, we found CT with either form of RT prolonged
survival than CT alone, although with limited statisti-
cal significance given big difference in sample size. As
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one previous report from Viswanathan and colleagues,
women with stage IVB endometrial SC were treated
with adjuvant CT and EBRT, appearing decreased rates
of tumor recurrence or progression [24].

In the last decade, TCGA research network proposed
molecular classification for endometrial cancer to four risk
groups: polymerase epsilon exonuclease domain mutated
(POLE EDM), mismatch repair deficient (MMRd), p53 wild-
type/copy-number- low (p53 wt) and p53-mutated/copy
number-high (p53 abn). The molecular characterization
changed the traditional risk stratification according to tumor
grade and histotype, depth of myometrial invasion and sur-
rounding organ involvement [25]. For patients with NEEC,
exploring other mutations in possibly target pathways, such
as in FBXW7-FGFR2 or PI3BK-AKT pathways, is especially
meaningful [26]. In the era of personalized medicine, efforts
are persistently required to explore the best strategy for each
patient’s profile. More recently, artificial intelligence, espe-
cially radiomic profiling, has attracted great attention due to
its extraction of mineable high-dimensional data from clini-
cal radiological images, thus providing noteworthy informa-
tion [27]. Even these advancements as described above,
the determination to conduct molecular investigation and
employ novel techniques depends on the local resources and
arrangements of each center’s multidisciplinary team. Thus,
traditional clinicopathological prognostic factors are still con-
sidered in clinical routine practice to tailor the personaliza-
tion of patient therapy.

Although we attempted to account for nonrandom
selection of patients, we recognized several inherent
methodological limitations. Five questions need to be
addressed in the future study. First, the selection bias of
retrospective study design represented the main weak-
nesses of the current study. Our findings remained
primarily hypothesis-generating and must be evalu-
ated in the context of randomized evidence, when avail-
able. Second, our data lacked detailed information
regarding tumor marginal status and lymphovascular
invasion (LVSI). However, traditional risk factors in pre-
dicting prognosis may not be applicable to high-risk
histology, and LVSI was also not prognostic of overall sur-
vival according to PORTEC-3 [8]. Third, the database did
not contain data regarding RT details (fields, dose, and
fractionation) or the effect of course as well as regimen
of chemotherapy. Fourth, our analysis focused primarily
on OS and CSS, without details concerning local recur-
rence and distant metastasis after initial treatment due
to the unavailability in SEER database, which could have
important implications for the impact of adjuvant therapy
in this patient population. Lastly, we anticipated that the
further adoption of molecular/genomic profiling of NEEC
patients might overcome the necessity of exploring com-
bination of various adjuvant strategies.
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Conclusion

The current database analysis included a wide spectrum
of NEEC and indicated UCS with a worse prognosis than
SC and CCC, justifying a more aggressive adjuvant treat-
ment of combined CT and RT. Given the large sample
size of endometrial serous cancer in the whole cohort,
insight into the optimal adjuvant management was ana-
lyzed based on stage. CT alone still formed the basis of
adjuvant treatment, although there is a growing trend to
use VBT combined with CT as the adjuvant modality for
both early and advanced serous cancer. Both CT and VBT,
single or combined, appeared to benefit stage I-1I patients
with serous histology. In stage III-IV SC patients, CT plus
VBT was still associated with improved cancer outcomes.
When nodal metastases were identified, addition EBRT
to CT may be recommended. More research, ideally in
a randomized fashion and even further innovative treat-
ment modalities, is warranted to confirm these results
and improve the outcomes for these aggressive tumors.
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NEEC Non-endometrioid endometrial carcinomas
SC Serous carcinoma

ucs Uterine carcinosarcomas
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