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Purpose: To construct a new clinical staging system including the number of lymph node metastases to supplement the International
Federation of Gynecology and Obstetrics (FIGO) staging for the prognosis of endometrial carcinoma patients.

Methods: This cohort study retrieved the data of 28,824 patients confirmed as endometrial carcinoma between 2010 and 2015 in the
surveillance, epidemiology, and end results (SEER) database. COX risk proportional model was established to evaluate the association
between FIGO staging with the all-cause mortality of endometrial carcinoma. The diagnostic value of FIGO staging and the new
staging for the mortality of patients were evaluated by receiver operator characteristic curve (ROC). Hazard ratio (HR) and 95%
confidence interval (CI) were effect size.

Results: The 5-year survival rate of all participants was 77.21%. The median follow-up time was 60.00 (60.00,60.00) months. Patients at
FIGO staging IB (HR=1.75, 95% CI: 1.62-1.90), FIGO staging II (HR=2.22, 95% CI: 2.00-2.47), FIGO staging IIIA (HR=2.74, 95% CI:
2.43-3.09), FIGO staging IIIB (HR=4.07, 95% CI: 3.48-4.76), FIGO staging IIIC1 (HR=3.84, 95% CI: 3.52—4.20), FIGO staging ITIC2
(HR=4.52, 95% CI: 4.09-4.99), FIGO staging IVA (HR=5.56, 95% CI: 4.58-6.74), and FIGO staging IVB (HR=7.62, 95% CI: 6.94—
8.36) were associated with increased risk of all-cause mortality of endometrial carcinoma patients. After adding positive lymph nodes as
another covariate in Model 3, the effect on of FIGO staging survival was reduced when the FIGO staging was higher than stage III/IV. The
C-index of the new staging 0.781 (95% CI: 0.774—0.787) was higher than FIGO staging 0.776 (95% CI: 0.770-0.783).

Conclusion: Our new staging using the number of positive lymph nodes supplement to the FIGO staging was superior than the FIGO
staging for predicting the prognosis of endometrial cancer patients, which might help more accurately identify endometrial carcinoma
patients who were at high risk of mortality and offer timely treatments in these patients.
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Introduction

Endometrial carcinoma is a type of epithelial malignancy that arises from the endometrium, which ranks among the most
prevalent gynecological malignancies.' According to the epidemiological survey, the number of new cases of endometrial
carcinoma exceeded 410,000 globally in 2020, making endometrial carcinoma the sixth most common cancer among
women, and the morbidity and mortality of endometrial carcinoma are both on the rise.>* To identify more reliable
biomarkers related to the prognosis of endometrial carcinoma patients was necessary. Previous evidence suggested that
lymph node involvement is an important factor affecting the survival of endometrial carcinoma patients.” The 5-year
survival rate of endometrial carcinoma patients is more than 80% for those without lymph node metastasis, but only
about 60% for those with lymph node metastasis.®’
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Currently, the International Federation of Obstetrics and Gynecology (FIGO) and the American Joint Committee on
Cancer (AJCC) staging systems are the main tools for assessing the prognosis of endometrial carcinoma, and both
staging systems assess lymph node involvement based on the site of lymph node metastasis (pelvic/para-aortic).*’ In
addition to the site of lymph node metastasis, the number of lymph node metastases is also a vital index to assess the
prognosis of endometrial carcinoma patients.'® A previous study revealed that the survival of patients with FIGO IIIC1
endometrial carcinoma with multiple lymph node metastases was significantly worse than patients with only one lymph
node metastasis.'' There was evidence indicated that the number of positive lymph nodes is an important supplement of
AJCC stage for improving the accuracy of evaluation and prognosis stratification for breast cancer, gastric cancer and
other cancers.'>'? In view of this, we speculated that the number of lymph node metastases as a supplement to FIGO
staging might increase the accuracy for predicting the prognosis of endometrial carcinoma patients.

The current study planned to construct a new clinical staging system including the number of lymph node metastases
to supplement the FIGO staging based on the data from the surveillance, epidemiology, and end results (SEER) database.
Subgroup analysis was conducted to evaluate the prognostic value of the new staging system in endometrial carcinoma
patients with different numbers of lymph node metastases.

Methods
Study Design and Population

This cohort study retrieved the data of 35,510 patients confirmed as endometrial carcinoma between 2010 and 2015 in the
SEER database. SEER abstracts patient-level data from 18 geographically diverse populations that encompass rural,
urban, and regional areas, which represents the US population.'* The included criteria of our study were (1) diagnosed as
primary endometrial carcinoma based on the primary site code the international classification of diseases for oncology-3
(ICD-0-3), (2) age at diagnosis >18 years old, and (3) FIGO/AJCC stage I-III. The exclusion criteria were as follows: (1)
patients with reported diagnosis source from autopsy or death certificate or only clinically diagnosed, (2) who did not
examine lymph nodes, (3) unknown number of positive lymph nodes, (4) without complete clinicopathological informa-
tion and survival data. Finally, a total of 28,824 patients were included.

Data Collection and Definitions

Age (years), race [Black, White and others (American Indian/AK Native, Asian/Pacific Islander)], marital status
(married, never married, others and unknown), primary site [isthmus uteri, endometrium, myometrium, fundus uteri,
overlapping lesion of corpus uteri, corpus uteri, uterus (not otherwise specified)], histologic type (carcinosarcoma, clear
cell, endometrioid, mixed, serous and others), tumor size (<2 cm, 2-5cm, >5c¢m and unknown), T stage (T1, T2, T3 and
T4), N stage (NO, N1, and N2), M stage (M0 and M1), FIGO staging (IA, IB, II, IIIA, IIIB, IIIC1, IIIC2, IVA and IVB),
tumor grade (Grade I, Grade II, Grade III, Grade IV and unknown), pathologically examined lymph nodes, and positive
lymph nodes (0, 1-6 and >7) were variables collected in our study.

FIGO staging was calculated based on TNM staging of AJCC 7th Edition. In this study, a novel staging was
established based on FIGO staging and the number of positive lymph nodes. The number of positive lymph nodes was
divided into three categories according to X-tile software: 0, 1-6 and >7. Combined FIGO staging with the number of
positive lymph nodes, we obtained 1A, IB, II, IITA, IIIB, IIIC1 (1-6), IIIC1 (=7), HIC2 (1-6), IIIC2 (=7), IVA (0), IVA
(1-6), IVA (=7), IVB (0), and IVB (1-6), and IVB (=7). After combining the above stages according to the KM curve,
they were eventually divided into IA, 1B, II, IIIA, IIB (IIIB or IIIC+ positive lymph nodes <7), IVA (IVA or 1IIC +
positive lymph nodes>7), IVB (IVB + positive lymph nodes<7), IVC (IVC + positive lymph nodes>7). Histologic type
was defined based on a previous study.'> Carcinosarcoma was defined based on ICO-O-3 codes including 8950, 8951,
8980 and 8981), clear cell was defined based on ICO-O-3 codes including 8313 and 8310, endometriosis was defined
based on ICO-O-3 codes (8260, 8262, 8384, 8140, 8210, 8380, 8381, 8382, 8383, 8440, 8480, 8481, 8482, 8560 and
8570), mixed was defined based on ICO-O-3 codes including 8255 and 8323, serous was defined based on ICO-O-3
codes 8450, 8441, 8460 and 8461 and others was defined based on ICO-O-3 codes including 8000, 8001, 8012, 8013,
8014, 8015, 8020, 8021, 8022, 8032, 8033, 8045, 8046, 8051, 8072, 8120, 8130, 8141, 8143, 8230, 8261, 8263, 8211,
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8246, 8320, 8340, 8490, 8574, 8575, 8576, 8933, 9080, 8041, 8070, 8071, 8076, 8005, 8010, 8050, 8082, 8083, 8240,
8244, 8370, 8510, 8800, 8890, 8891, 8895, 8896, 8900, 8901, 8902, 8910, 8920, 8930, 8931, and 8935. Surgery
including no surgery (00), local tumor destruction (10-26), subtotal hysterectomy (30-32), total hysterectomy (40—-67)
and pelvic exenteration (75-79).

Outcome Variables
The all-cause mortality of endometrial carcinoma patients was the outcome in this study. The median follow-up time was
60.00 (60.00,60.00) months. All participants were divided into the alive group and dead group at the end of follow-up.

Statistical Analysis

Kolmogorov—Smirnov was used to evaluate the normality of quantitative measurement data. The normally distributed
measurement data were described as Mean (standard deviation) [Mean (SD)]. Independent sample ¢-test was used for
comparison between the two groups. The non-normally distributed measurement data were expressed as median and
quartiles [M (Q1, Q3)], and the Mann—Whitney U rank sum test was used for comparison between groups. Enumeration
data were presented as number and percentage of cases [n (%)], and Chi-square test was used for comparison between
groups, and rank sum test was used for rank data. The covariates were screen out by Cox risk proportional model. COX
risk proportional model was established to evaluate the association between FIGO staging with the all-cause mortality of
endometrial carcinoma. Model 1 was the univariable Cox proportional-hazards regression analyses without adjusting
anything. Model 2 was the multivariable Cox proportional-hazards regression analyses adjusting for age, race, marital
status, primary site, histologic type, tumor size, tumor grade, examined lymph nodes, surgery, chemotherapy and
radiation. Hazard ratio (HR) and 95% confidence interval (CI) were effect size. The diagnostic value of FIGO staging
and the new staging for the mortality of patients were evaluated by receiver operator characteristic curve (ROC). All
statistical tests were conducted using a two-sided test with the test level o= 0.05. SAS 9.4 (SAS Institute Inc., Cary, NC,
USA) was used for model construction. R 4.0.3 software was used to calculate C-index and draw Kaplan—Meier curves.

Results
Comparisons of the Characteristics of Alive and Dead Patients with Endometrial

Carcinoma

In total, the data of 35,510 endometrial carcinoma patients >18 years with FIGO staging who examined the number of
lymph nodes were identified in SEER database. Among them, we excluded patients with reported diagnosis source from
autopsy or death certificate or only clinically diagnosed (n=0), patients without complete clinicopathological information
and survival data (n=6523), and patients without data on race (n=142) and those without information for deciding
whether surgery was performed (n=21). Finally, a total of 28,824 patients were included. The screen process of the
participants is exhibited in Figure 1.

The mean age of participants in the alive group was younger than the dead group (61.14 years vs 66.59 years). The
percentages of participants with different primary sites, histologic types, tumor sizes, T stages, N stages, M stages, FIGO
staging, and tumor Grades in the alive group were statistically different from the dead group. The number of examined
lymph nodes in the alive group was higher than the dead group (14.00 vs 12.00). The percentages of patients with
different positive lymph nodes in the alive group were statistically different from the dead group (Table 1).

The Associations Between Different FIGO Staging and the All-Cause Mortality of

Endometrial Carcinoma Patients

Compared to patients at FIGO staging IA, patients at FIGO staging IB (HR=1.75, 95% CI: 1.62-1.90), FIGO staging II
(HR=2.22, 95% CI: 2.00-2.47), FIGO staging IIIA (HR=2.74, 95% CI: 2.43-3.09), FIGO staging IIIB (HR=4.07, 95%
CI: 3.48-4.76), FIGO staging IIIC1 (HR=3.84, 95% CI: 3.52-4.20), FIGO staging IIIC2 (HR=4.52, 95% CI: 4.09—4.99),
FIGO staging IVA (HR=5.56, 95% CI: 4.58-6.74), and FIGO staging IVB (HR=7.62, 95% CI: 6.94-8.36) were
associated with increased risk of all-cause mortality of endometrial carcinoma patients after adjusting for confounding
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Patients
confirmed as endometrial carcinoma between 2010 and 2015 in
the SEER database (n=35510)

Excluded:
1. Patients with reported diagnosis source from autopsy
or death certificate or only clinically diagnosed (n=0)
2. Patients without complete clinicopathological
information and survival data (n=6523)
3. Patients without data on race (n=142)
4. Patients without data on whether surgery was
performed (n=21)

Y

Samples finally included
(n=28824)

Figure | The screen process of the participants.
Abbreviation: SEER, surveillance, epidemiology, and end results.

factors including age, race, marital status, primary site, histologic type, tumor size, tumor grade, examined lymph nodes,
surgery, chemotherapy and radiation (Table 2). However, the HRs for all-cause mortality of endometrial carcinoma
patients was not increased as the severity of FIGO staging. The survival curves of patients at different FIGO staging are
shown in Figure 2. After adding positive lymph nodes as another covariate in Model 3, the effect on of FIGO staging
survival was reduced when the FIGO staging was higher than stage III/IV. These results indicated that positive lymph
nodes might improve the survival prediction of FIGO staging for endometrial carcinoma patients.

Table | Comparisons of the Characteristics of Alive and Dead Patients with Endometrial Carcinoma

Variables Total (n=28,824) Alive (n=22,254) Dead (n=6570) Statistics P
Age, years, Mean + SD 62.38 £ 10.78 61.14 £ 10.43 66.59 + 10.86 t=—36.07 <0.001
Race, n (%) x=41822 <0.001
Black 2801 (9.72) 1732 (7.78) 1069 (16.27)
Other (American Indian/Alaska Native, Asian/Pacific Islander) 2907 (10.09) 2320 (10.43) 587 (8.93)
White 23,116 (80.20) 18,202 (81.79) 4914 (74.79)
Marital status, n (%) x*=374.69 <0.001
Married 14,892 (51.67) 12,073 (54.25) 2819 (42.91)
Never married 5484 (19.03) 4196 (18.86) 1288 (19.60)
Others 7160 (24.84) 4972 (22.34) 2188 (33.30)
Unknown 1288 (4.47) 1013 (4.55) 275 (4.19)
Primary Site, n (%) x*=516.27 <0.001
Isthmus uteri 62 (0.22) 39 (0.18) 23 (0.35)
Endometrium 27,531 (95.51) 21,541 (96.80) 5990 (91.17)
Myometrium 192 (0.67) 86 (0.39) 106 (1.61)
Fundus uteri 244 (0.85) 168 (0.75) 76 (1.16)
Overlapping lesion of corpus uteri 60 (0.21) 30 (0.13) 30 (0.46)
Corpus uteri 440 (1.53) 289 (1.30) I51 (2.30)
Uterus, NOS 295 (1.02) 101 (0.45) 194 (2.95)
(Continued)
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Table | (Continued).
Variables Total (n=28,824) Alive (n=22,254) Dead (n=6570) Statistics P
Histologic Type, n (%) x}=3317.54 <0.001
Carcinosarcoma 1748 (6.06) 729 (3.28) 1019 (15.51)
Clear cell 418 (1.45) 235 (1.06) 183 (2.79)
Endometrioid 21,310 (73.93) 18,110 (81.38) 3200 (48.71)
Mixed 2171 (7.53) 1538 (6.91) 633 (9.63)
Others 922 (3.20) 459 (2.06) 463 (7.05)
Serous 2255 (7.82) 1183 (5.32) 1072 (16.32)
Tumor size, n (%) x=1274.68 <0.001
<2cm 3313 (11.49) 2909 (13.07) 404 (6.15)
2-5cm 11,640 (40.38) 9498 (42.68) 2142 (32.60)
>5cm 8255 (28.64) 5251 (23.60) 3004 (45.72)
Unknown 5616 (19.48) 4596 (20.65) 1020 (15.53)
T stage, n (%) ¥*=3728.54 <0.001
TI 22,525 (78.15) 19,050 (85.60) 3475 (52.89)
T2 2545 (8.83) 1654 (7.43) 891 (13.56)
T3 3409 (11.83) 1468 (6.60) 1941 (29.54)
T4 345 (1.20) 82 (0.37) 263 (4.00)
N stage, n (%) ¥*=2771.52 <0.001
NO 24,499 (85.00) 20,244 (90.97) 4255 (64.76)
NI 2641 (9.16) 1313 (5.90) 1328 (20.21)
N2 1684 (5.84) 697 (3.13) 987 (15.02)
M stage, n (%) x}=2248.23 <0.001
Mo 27,551 (95.58) 21,965 (98.70) 5586 (85.02)
MI 1273 (4.42) 289 (1.30) 984 (14.98)
FIGO staging, n (%) ¥*=5119.00 <0.001
IA 15364 (53.30) 13,721 (61.66) 1643 (25.01)
1B 5293 (18.36) 4169 (18.73) 1124 (17.11)
Il 1781 (6.18) 1280 (5.75) 501 (7.63)
A 1056 (3.66) 701 (3.15) 355 (5.40)
nB 364 (1.26) 179 (0.80) 185 (2.82)
el 2213 (7.68) 1237 (5.56) 976 (14.86)
nc2 1303 (4.52) 622 (2.80) 681 (10.37)
IVA 177 (0.61) 56 (0.25) 121 (1.84)
IVB 1273 (4.42) 289 (1.30) 984 (14.98)
Tumor Grade, n (%) ¥?=3387.50 <0.001
Grade | 7779 (26.99) 7166 (32.20) 613 (9.33)
Grade Il 7074 (24.54) 5991 (26.92) 1083 (16.48)
Grade Il 5883 (20.41) 3468 (15.58) 2415 (36.76)
Grade IV 2272 (7.88) 1102 (4.95) 1170 (17.81)
Unknown 5816 (20.18) 4527 (20.34) 1289 (19.62)
Examined lymph nodes, M (Q,Q3) 14.00 (7.00,22.00) | 14.00 (8.00,22.00) | 12.00 (6.0021.00) | Z=-10.74 <0.001
Positive lymph nodes, M (Q,,Qs) 0.00 (0.00,0.00) 0.00 (0.00,0.00) 0.00 (0.00,1.00) Z=53.24 <0.001
Positive lymph nodes, n (%) %*=2909.33 <0.001
0 24,499 (85.00) 20,244 (90.97) 4255 (64.76)
1-6 3684 (12.78) 1843 (8.28) 1841 (28.02)
>7 641 (2.22) 167 (0.75) 474 (7.21)
Surgery, n (%) x=218.37 <0.001
No 44 (0.15) 15 (0.07) 29 (0.44)
Local tumor destruction 38 (0.13) 31 (0.14) 7 (0.11)
Subtotal hysterectomy 223 (0.77) 186 (0.84) 37 (0.56)
Total hysterectomy 28,398 (98.52) 21,988 (98.80) 6410 (97.56)
Pelvic exenteration 121 (0.42) 34 (0.15) 87 (1.32)
(Continued)
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Table 1 (Continued).

Variables Total (n=28,824) Alive (n=22,254) Dead (n=6570) Statistics P
Chemotherapy, n (%) ¥?=1983.29 <0.001
No/Unknown 20,855 (72.35) 17,520 (78.73) 3335 (50.76)
Yes 7969 (27.65) 4734 (21.27) 3235 (49.24)
Radiation, n (%) %*=69.50 <0.001
No/Unknown 19,105 (66.28) 15,031 (67.54) 4074 (62.01)
Yes 9719 (33.72) 7223 (32.46) 2496 (37.99)
Follow up time, months, M (Q;,Q3) 60.00 (60.00,60.00) | 60.00 (60.00,60.00) | 24.00 (12.00,39.00) | Z=—166.74 <0.001
Abbreviations: SD, standard error; NOS, not otherwise specified; FIGO, the International Federation of Gynecology and Obstetrics.
Table 2 The Association of Survival of Patients with FIGO Staging
Variables n Model | Model 2 Model 3
HR (95% CI) P HR (95% CI) P HR (95% CI) P
FIGO staging
1A 15364 Ref Ref Ref
1B 5293 2.11 (1.95-2.27) <0.001 1.75 (1.62—-1.90) <0.001 1.75 (1.62—1.90) <0.001
Il 1781 2.93 (2.65-3.24) <0.001 2.22 (2.00-2.47) <0.001 2.23 (2.01-2.47) <0.001
A 1056 3.66 (3.274.11) <0.001 2.74 (2.43-3.09) <0.001 2.77 (2.45-3.12) <0.001
1B 364 6.42 (5.51-7.47) <0.001 4.07 (3.48-4.76) <0.001 4.10 (3.50-4.80) <0.001
HCI 2213 5.22 (4.82-5.65) <0.001 3.84 (3.524.20) <0.001 2.97 (2.56-3.46) <0.001
nc2 1303 6.63 (6.06-7.25) <0.001 4.52 (4.09-4.99) <0.001 3.14 (2.69-3.67) <0.001
IVA 177 10.78 (8.96—-12.97) <0.001 5.56 (4.58-6.74) <0.001 4.78 (3.90-5.85) <0.001
IVB 1273 14.37 (13.27-15.56) <0.001 7.62 (6.94-8.36) <0.001 6.29 (5.59-7.08) <0.001

Notes: Model |: Univariable Cox proportional-hazards regression model. Model 2: Multivariable Cox proportional-hazards regression model adjusted for age, race,
marriage, primary site, histologic type, tumor size, grade, examined lymph nodes, surgery, chemotherapy, and radiation. Model 3: Multivariable Cox proportional-hazards
regression model adjusted for age, race, marriage, primary site, histologic type, tumor size, grade, examined lymph nodes, surgery, chemotherapy, radiation and positive
lymph nodes.

Abbreviations: FIGO, the International Federation of Gynecology and Obstetrics; Ref, reference; HR, hazard ratio; Cl, confidence Interval.

Construction of a New Staging for Survival of Endometrial Carcinoma Patients Based
on FIGO Staging and Positive Lymph Nodes

FIGO staging was combined with the number of positive lymph nodes, and 15 stages were obtained including IA, 1B, II,
IMIA, HIB, IIC1 (<), IIIC1 (>7), HIC2 (1-6), IIIC2 (>7), IVA (0), IVA (1-6), IVA (>7), IVB (0), and IVB (1-6), and IVB
(>7) (Table 3). The survival curves of patients at these stages were presented in Figure 3 (left). We found that the curves
were overlapped in some stages, so these stages were combined. Finally, a novel staging was constructed including IA,
IB, II, IIIA, IIIB (IIIB or IIIC+ positive lymph nodes <7), IVA (IVA or IIIC + positive lymph nodes>7), IVB (IVB +
positive lymph nodes<7), IVC (IVC + positive lymph nodes>7). As exhibited in Table 4, in the adjusted model, the HRs
for the risk of all-cause mortality of endometrial carcinoma patients were elevated with the increasing of new staging.
The survival probability of patients was decreased as the increased of new staging (Figure 3, right).

According to the results of the cindex.com () function in the survcomp package of R software, the C-index of the new
staging was 0.781 (95% CI: 0.774—-0.787), which was higher than FIGO staging [C-index=0.776 (95% CI: 0.770-0.783)],
suggesting that the new staging had better predictive value for the survival of endometrial carcinoma patients than FIGO
staging (P<0.001) (Table 5). Sensitivity analysis was conducted after excluding FIGO staging IV, and the C-index of the
new staging 0.750 (95% CI: 0.742—0.757) was still higher than FIGO staging 0.744 (95% CI: 0.737-0.751) (P<0.001)
(Supplementary Table 1).
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Figure 2 The Kaplan—Meier curve of endometrial carcinoma based on FIGO staging.
Abbreviation: FIGO, The International Federation of Gynecology and Obstetrics.

Subgroup Analysis of the Survival of Endometrial Carcinoma Patients Using FIGO

Staging and New Staging

Subgroup analysis was stratified by the number of examined lymph nodes. The C-index of FIGO staging for predicting the
survival of endometrial carcinoma patients with examine lymph node>14 was 0.755 (95% CI: 0.745-0.765) while the C-index
of new staging for these patients was 0.760 (95% CI: 0.750-0.770). The C-indexes of FIGO staging and new staging for
predicting the survival of endometrial carcinoma patients with examine lymph node<14 were 0.797 (95% CI: 0.789-0.805)
and 0.802 (95% CI: 0.794-0.810), respectively. The C-indexes of FIGO staging and new staging for predicting the survival of
endometrial carcinoma patients with examine lymph node>21 were 0.746 (95% CI: 0.732—0.759) and 0.750 (95% CI: 0.737—
0.764), respectively. As for predicting the survival of endometrial carcinoma patients with examine lymph node<21, the
C-indexes of FIGO staging and new staging were 0.789 (95% CI: 0.782-0.796) and 0.793 (95% CI: 0.786-0.800),
respectively. The C-indexes of new staging were all higher than FIGO staging (all P<0.001) (Table 6).

Discussion

The present study established a new clinical staging system through combining the number of positive lymph nodes and
the FIGO staging for predicting the prognosis of endometrial carcinoma. The results revealed that the HRs for the risk of
all-cause mortality of endometrial carcinoma patients were elevated with the increasing of new staging. The C-index of
the new staging for predicting the survival of endometrial carcinoma patients was 0.781, which was higher than FIGO
staging. Subgroup analysis also demonstrated that the new staging had better diagnostic value for the survival of
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Table 3 Construction of the New Staging System

New FIGO Staging Definitions
Staging
Stage | Stage | Confined to the uterine corpus and ovary
1A 1A Disease limited to the endometrium OR with invasion of less than half of myometrium
1B 1B Non-aggressive histological types with invasion of half or more of the myometrium
Stage Il Stage Il Invasion of cervical stroma with extrauterine extension, without spreading outside the uterus
Stage Il Stage Il Local and/or regional spread of the tumor of any histological subtype
A A Invasion of uterine serosa, adnexa, or both by direct extension or metastasis
B B Metastasis or direct spread to the vagina and/or to the parametria or pelvic peritoneum
IC (positive Metastasis to the pelvic or para-aortic lymph nodes or both, OR positive nodes<7
nodes<7)
Stage IV Stage IV Spread to the bladder mucosa and/or intestinal mucosa and/or distance metastasis, OR positive nodes 27
IVA IVA Invasion of the bladder mucosa and/or the intestinal/bowel mucosa
IC (positive Metastasis to the pelvic or para-aortic lymph nodes or both, and positive nodes 27
nodes27)
IVB IVB (positive Distant metastasis, including metastasis to any extra- or intra-abdominal lymph nodes above the renal vessels,
nodes<7) lungs, liver, brain, or bone, and positive nodes <7
IvC IVB (positive Distant metastasis, including metastasis to any extra- or intra-abdominal lymph nodes above the renal vessels,
nodes27) lungs, liver, brain, or bone, and positive nodes27

Abbreviation: FIGO, the International Federation of Gynecology and Obstetrics.

endometrial carcinoma patients in patients with different examine lymph nodes than FIGO staging. The new staging
might provide a tool to more accurately identify endometrial carcinoma patients who were at high risk of mortality and
offer timely management in these patients.

The role of lymph node assessment/dissection in endometrial cancer has been a topic of debate for decades, resulting
in significant variability in practice across different centers. Whether endometrial cancer patients require lymphadenect-
omy or other procedures such as sentinel lymph node mapping, pelvic lymphadenectomy alone or combined pelvic and
para-aortic lymphadenectomy is still controversial.'® '® Previously, the presence of lymph node metastasis was identified
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Figure 3 The Kaplan-Meier curve of endometrial carcinoma based on new staging before (left) and after (right) combining overlap.
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Table 4 The Association Between the New Staging with the Survival of Patients

Variables n Model | Model Il
HR (95% CI) P HR (95% CI) P
New staging
1A 15364 Ref Ref
1B 5293 2.11 (1.95-2.27) <0.001 1.75 (1.62—1.90) <0.001
1l 1781 2.93 (2.65-3.24) <0.001 2.23 (2.00-2.47) <0.001
NA 1056 3.67 (3.274.11) <0.001 2.76 (2.44-3.11) <0.001
B 3440 5.32 (4.96-5.70) <0.001 3.84 (3.554.17) <0.001
IVA 617 10.53 (9.47-11.73) <0.001 6.33 (5.62-7.12) <0.001
IVB 1087 13.77 (12.66—14.98) <0.001 7.25 (6.57-7.99) <0.001
IvC 186 18.85 (16.00-22.20) <0.001 11.53 (9.69-13.73) <0.001

Notes: Model |: Univariable Cox proportional-hazards regression model. Model Il: Multivariable Cox proportional-hazards
regression model adjusted for age, race, marriage, primary site, histologic type, tumor size, grade, examined lymph nodes,
surgery, chemotherapy, and radiation.

Abbreviations: Ref, reference; HR, hazard ratio; Cl, confidence interval.

Table 5 Comparisons of the C-Index of FIGO
Staging and New Staging

Staging Systems C-Index (95% CI)
FIGO staging 0.776 (0.770-0.783)
New staging 0.781 (0.774-0.787)

Abbreviations: FIGO, the International Federation of
Gynecology and Obstetrics; Cl, confidence interval.

Table 6 Subgroup Analysis of the Survival of Endometrial Carcinoma Patients Using FIGO Staging and New Staging

Subgroups Groups n FIGO Staging (95% CI) New Staging (95% CI) P

Subgroup | Examine lymph node=14 14,419 0.755 (0.745-0.765) 0.760 (0.750-0.770) <0.001
Examine lymph node<I4 14,405 0.797 (0.789-0.805) 0.802 (0.794-0.810) <0.001

Subgroup I Examine lymph node=2I 8015 0.746 (0.732-0.759) 0.750 (0.737-0.764) <0.001
Examine lymph node<2l1 20,809 0.789 (0.782-0.796) 0.793 (0.786-0.800) <0.001

Abbreviations: FIGO, the International Federation of Gynecology and Obstetrics; Cl, confidence interval.

to influence the prognosis and treatment decisions of patients with endometrial cancer.'” The molecular subtype and
preoperative cancer antigen 125> 25 were significantly associated with lymph node metastasis in patients with
endometrial cancer.’’ For patients with lymph nodes metastasis, lymphadenectomy was frequently reported to be
correlated with prolonged survival time.?' Endometrial cancer patients who were at stage IIIC were identified to benefit
from lymphadenectomy.?” These findings suggested the importance of lymph node assessment in endometrial carcinoma
patients.

Accurate cancer staging is crucial for clinicians to accurately predict patient prognosis, provide appropriate inter-
ventions, and select the most effective treatment option.>* Patients with higher tumor stage might be associated with poor
prognosis,”* but in our study, the survival of some patients at IIIC1 or ITIC2 might be better than ITIB. This might result
in an overestimation of the prognostic risk of stage IIIC1 or IIIC2 and underestimation of the risk of stage IIIB, which
may further lead to inappropriate treatments for those patients. When the number of lymph node metastases was used to
supplement the traditional FIGO staging for evaluating the prognosis of endometrial carcinoma patients, the survival of
patients was decreased as the increase of tumor stage. In a previous study, the count of metastatic lymph node was used
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to supplement the AJCC staging system, and the modified AJCC staging system showed superior performance for
evaluating the prognosis of endometrial carcinoma patients.” The optimal dissection range of lymph node needs to be
discussed. A previous SEER-based study revealed that the median number of resected lymph nodes in patients with
endometrial carcinoma at stages I to IV increased from 7 during the period of 1988-1992 to 12 during the period of
1998-2001,% which suggested that the dissection range of lymph nodes appeared to have expanded gradually over time.
In the current study, the median examined lymph nodes were 14. Different numbers of lymph nodes metastases were
supplemented with the traditional FIGO staging, and the survival of patients was decreased as the increase of tumor
stage. We also identified that the prognostic value of the count of metastatic lymph node supplement to FIGO staging was
better than FIGO staging alone.

In this study, FIGO staging was improved based on the number of lymph node metastases, and the predictive values
of the two staging systems for survival of endometrial carcinoma patients were compared, suggesting that the number of
metastases might improve the diagnosis of the survival of endometrial carcinoma patients. The findings might provide
a reference for accurate assessment and hierarchical management of the mortality risk of endometrial carcinoma patients,
and hope to early identify those at high risk of poor prognosis and offer timely interventions to improve their prognosis.
This study used the data from the large public SEER database, and the sample size was large and the study population
was representative. Due to the requirement of exposure and outcome data, there was inevitably a certain selection bias.
The retrospective cohort study design was limited to data, and other factors that might affect survival, such as lifestyles
and other treatments, were not available. Although the SEER database contains multi-ethnic groups, and due to regional
socioeconomic differences, the extension of our results should be with caution. The application value of our staging
system to other populations needs to be further verified.

Conclusions

A new clinical staging system combined the number of positive lymph nodes and the FIGO staging for predicting the
prognosis of endometrial carcinoma was established in the current study. The data delineated that the prognostic value of
our new staging using the number of positive lymph nodes supplement to the FIGO staging was superior than the FIGO
staging. The new staging might help more accurately identify endometrial carcinoma patients who were at high risk of
mortality and offer timely treatments in these patients.
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