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ABSTRACT
Objective  We aimed to construct and validate a 
prognostic nomogram to predict cancer-specific survival 
(CSS) after surgery in patients with advanced endometrial 
carcinoma (EC).
Design  Retrospective cohort study.
Setting and participants  The Surveillance, 
Epidemiology, and End Results (SEER) Database contains 
cancer incidence and survival data from population-based 
cancer registries in the USA. A total of 5445 patients 
from the SEER Database diagnosed with advanced EC 
between 2004 and 2015 were included and randomised 
7:3 into a training cohort (n=3812) and a validation cohort 
(n=1633).
Outcome measure  CSS.
Results  The nomograms for CSS included 10 variables 
(positive regional nodes, age, tumour size, International 
Federation of Gynecology and Obstetrics (FIGO) stage, 
grade, ethnicity, income, radiation, chemotherapy and 
historical stage) based on the forward stepwise regression 
results. They revealed discrimination and calibration using 
the concordance index (C-index) and area under the time-
dependent receiver operating characteristic curve, with a 
C-index value of 0.7324 (95% CI=0.7181 to 0.7468) and 
0.7511 (95% CI=0.7301 to 0.7722) for the training and 
validation cohorts, respectively. Using calibration plots, 
a high degree of conformance was shown between the 
predicted and observed results. Additionally, a comparison 
of the nomogram and FIGO staging based on changes 
in the C-index, net reclassification index and integrated 
discrimination improvement demonstrated that the 
nomogram had better accuracy and efficacy.
Conclusions  We successfully constructed an accurate 
and effective nomogram to predict CSS in patients with 
advanced EC, which may help clinicians determine 
optimal individualised treatment strategies for patients 
with advanced EC. The predictive performance of the 
nomogram was evaluated thoroughly, but only internally. 
Therefore, further validation using different data sources is 
warranted in future related studies.

INTRODUCTION
Endometrial carcinoma (EC) is the sixth most 
common cancer in women, with 417 000 new 
cases diagnosed worldwide in 2020.1 There are 
two histological types of EC.2 3 Type I tumours 
include those with grade 1 or 2 endometrioid 
histological classifications, accounting for 
approximately 80% of ECs. Type II tumours 
account for 10–20% of ECs, and include grade 
3 endometrioid tumours and tumours with 
non-endometrioid histology. EC is primarily 
treated surgically, with radiation and chemo-
therapy as common adjuvant modalities. 
For patients with EC who undergo surgery, 
adjuvant therapy determines disease recur-
rence for risk stratification based on tumour 
stage, tumour histology and other patholog-
ical factors. There is overwhelming evidence 
that traditional pathological features such 
as histopathological type, grade, myometrial 
invasion and lymphovascular space invasion 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The Surveillance, Epidemiology, and End Results 
(SEER) Database is a large database with sufficiently 
large numbers of samples.

	⇒ The SEER Database lacks laboratory test data, 
which may influence the prognoses of patients with 
advanced endometrial carcinoma.

	⇒ The chemotherapy and radiotherapy information 
contained in the SEER Database can only be ob-
tained by signing legal agreements that are current-
ly unavailable.

	⇒ This study may have suffered from selection bias, 
as all cases were retrieved from the same database.

	⇒ Our nomogram’s predictive performance was evalu-
ated thoroughly, but only internally; external valida-
tion using different data sources is warranted.
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(LVSI) are imperative for assessing prognosis.4 Molecular 
classification in high-grade and/or high-risk ECs shows 
that POLE-mutated tumours have an excellent prognosis, 
p53-abnormal tumours have a poor prognosis, and ECs 
with mismatch repair (MMR) deficiency or non-specific 
molecular profile have an intermediate prognosis.5 
The latest European (European Society of Gynaecolog-
ical Oncology/European SocieTy for Radiotherapy and 
Oncology/European Society of Pathology 2020)/Amer-
ican (National Comprehensive Cancer Network 2020) 
guidelines combining traditional pathology and The 
Cancer Genome Atlas (TCGA) molecular groups have 
proposed a novel risk stratification model: low, inter-
mediate, high–intermediate, high and advanced metas-
tasis.6 Generally, the 5-year survival rates are 80–90% and 
70–80% for stage I and II ECs, respectively, and 20–60% 
for stage III and IV ECs.7 8 Stage III and IV ECs are classi-
fied as advanced or high-risk ECs. Patients with advanced 
and recurrent EC have poor prognoses, with an expected 
5-year survival rate of <20%.9 Due to its high mortality 
rate, a clinical model for predicting the prognosis of 
patients with advanced EC is necessary. Although the 
International Federation of Gynecology and Obstetrics 
(FIGO) staging system has been widely used to predict 
the survival of patients with EC, this approach still suffers 
from several limitations.10

A nomogram is a simple visualisation tool used by 
oncologists to predict and quantify patient survival based 
on multiple variables. Nomograms have been used for 
patients with EC,11 and Yang et al published a nomo-
gram for patients with stage IIIC EC following surgery.12 
However, there is no specific prognostic prediction for 
patients with advanced EC following surgery.

The traditional statistical strategy for EC-adopted vari-
ables was significant only on univariate analysis, which 
led to model overfitting with generally poor results.13 
Certain advanced statistical methodologies may, however, 
minimise this limitation. These include the best subset 
regression (BSR), forward stepwise regression (FSR), and 
least absolute shrinkage and selection operator (LASSO) 
approaches.14–16 In this study, we aimed to establish an 
effective and non-invasive nomogram to predict cancer-
specific survival (CSS) in advanced EC following surgery, 
incorporating advanced statistical methodologies.

METHODS
Data sources and patient selection
The Surveillance, Epidemiology, and End Results (SEER) 
Database contains cancer incidence and survival data 
from population-based cancer registries in the USA. EC 
case data with complete follow-up records were selected 
from the 2004–2015 SEER Database (SEER Research Plus 
Data, 17 Registries, November 2021 Sub (2000–2019)) 
using SEER*Stat V.8.4.0.1. The inclusion criteria were 
as follows: primary sites, C54.1–9 and C55.917; site and 
morphology, 8380/3 (based on the International Clas-
sification of Tumor Diseases for Oncology (ICD-O), 

Third Edition); histology, 8140–8389 (adenomas and 
adenocarcinomas); FIGO stage III/IV; and therapy 
and surgical treatment. The exclusion criteria were as 
follows: (1) undetermined survival time or survival time 
<1 month; (2) undetermined tumour size; (3) undeter-
mined lymphadenectomy; (4) unknown regional node 
status; (5) unknown tumour grade; (6) unknown months 
from diagnosis to treatment; (7) unknown ethnicity and 
(8) unknown median household income. A flow chart of 
patient screening is shown in online supplemental figure 
1.

Data on variables, including age at diagnosis, year of 
diagnosis, tumour size, ethnicity, marital status, histo-
logical stage, tumour grade, FIGO stage, lymphadenec-
tomy, regional node positivity, chemotherapy, radiation 
status, months from diagnosis to treatment, survival time, 
median household income and CSS, were collected from 
the SEER Database. The radiation status (with/without 
radiation) and chemotherapy status (with/without 
chemotherapy) were of two categories. Marital status was 
classified as unmarried (single, unmarried or living with 
a domestic partner), married, other (divorced, widowed 
or separated) or unknown. Grades were associated with 
each tumour. ICD-O-2 defines grade I as well differenti-
ated, grade II as moderately differentiated, grade III as 
poorly differentiated and grade IV as undifferentiated. 
According to the SEER registry, income was examined as 
aggregate data based on US median income. The median 
household income is the median household income 
for the past 12 months, and it was classified into three 
groups: ≤54 999, 55 000–69 999 and ≥70 000. The histor-
ical stage was derived from the Collaborative Stage for 
2004–2015 and divided into in situ, localised, regional, 
distant and unknown categories. In the localised stage, 
an invasive neoplasm is entirely confined to the organ of 
origin. In the regional stage, a neoplasm has extended 
(1) beyond the limits of the organ of origin directly into 
the surrounding organs or tissues, (2) into the regional 
lymph nodes via the lymphatic system, or (3) into the 
regional lymph nodes via a combination of extension and 
regional lymph nodes. In the distant stage, the neoplasm 
has spread to parts of the body that are remote from the 
primary tumour. This study categorised lymphadenec-
tomy into two categories: with and without regional lymph 
node dissection. Failure to perform lymph node dissec-
tion included failure to remove or aspirate local lymph 
nodes, local lymph node biopsy or aspiration, or sentinel 
lymph node biopsy. Lymph node dissection includes the 
removal of an unknown number of regional lymph nodes, 
the removal of 1–3 regional lymph nodes, the removal of 
≥4 regional lymph nodes and regional lymph node dissec-
tion with anterior lymph node biopsy.

Statistical analysis
X-tile software (Yale University, New Haven, Connecticut, 
USA) was used to determine the cut-off values for age 
at diagnosis, tumour size, positive regional nodes and 
risk stratification.18 Statistical analyses were conducted 
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using R V.4.0.2 (R Foundation for Statistical Computing, 
Vienna, Austria; http://www.r-project.org) in the 
RStudio environment, as well as with Free Statistics V.1.8 
(Beijing FreeClinical Medical Technology Co). CSS was 
the primary endpoint of this study. The patients were 
randomly assigned to training and validation cohorts at a 
7:3 ratio. Categorical variables are presented as frequen-
cies and proportions. Χ2 tests were used to compare 
clinicopathological characteristics between the training 
and validation cohorts. Statistical significance was set at 
p<0.05. BSR, FSR and LASSO were used to select the vari-
ables. Significant prognostic factors were identified using 
the Cox proportional hazards model. A nomogram asso-
ciated with CSS was constructed and incorporated into 
the known prognostic factors. The nomogram perfor-
mance was validated through both training and valida-
tion, using the area under the time-dependent receiver 
operating characteristic curve (time-dependent AUC) to 
assess its discriminative abilities. Calibration curves were 
plotted to compare the predicted CSS with the actual CSS 
after 1, 3 and 5 years. The area under the curve (AUC) 
values ranged from 0.5 to 1.0, with 0.5 representing 
random variability and 1.0 representing perfect fit. AUC 
values g>0.7 usually indicate rational estimation. The 
nomogram was compared with the FIGO staging system 
using the net reclassification index (NRI) and integrated 
discrimination improvement (IDI). NRI and IDI can be 
used as alternatives to AUC for assessing the effectiveness 
of a new risk prediction model and for determining its 
effectiveness.19 20 The Kaplan-Meier method was used to 
compare the risk stratification of the nomogram.

Patient and public involvement
None.

RESULTS
Patient characteristics
A total of 5445 patients with advanced EC following 
surgery were screened from the SEER Database according 
to our inclusion and exclusion criteria. They were 
randomly allocated into training (n=3812) and validation 
cohorts (n=1633) at a 7:3 ratio. Patient characteristics are 
shown in table  1. No statistically significant differences 
were found in the indicators between the two groups (all 
p>0.05).

Nomogram variable screening
Age, tumour size, regional node positivity and linear predic-
tors (linear predictor=0.448×black ethnicity+0.166×other 
ethnicity−0.158×chemotherapy−0.706×historical stage 
regional−0.702×historical stage distant+0.25×grade 
II+0.913×(grade III–IV)−0.261×radiation+0.977×FIGO 
stage IV+0.471×(age at diagnosis 65–75 years)+0.881×(age 
at diagnosis 76–96 years)+0.263×(tumour size 36–78 
mm)+0.57×(tumour size 79–790 mm)+0.317×(regional 
nodes positive 1–2)+0.619×(regional nodes positive 
3–82)−0.132×(income $55 000–69 999)−0.195×(income 

≥$70 000)–0.271) were divided into three categories 
using the X-tile software. The best cut-off ages were 64 
and 75 years (online supplemental figure 2), the best cut-
off tumour sizes were 35 mm and 78 mm (online supple-
mental figure 2), the best cut-off regional node positivities 
were 0 and 2 (online supplemental figure 2), and the best 
cut-off linear predictors were 0.2 and 1.2 (online supple-
mental figure 2).

BSR, LASSO and FSR were used to select the variables. 
The BSR method showed great benefits for variable selec-
tion because all possible combinations of variables were 
calculated and the final selected combination was based 
on the minimum Bayesian information criterion. As is 
shown in online supplemental figure 3A,B, six variables 
(positive regional nodes, age at diagnosis, tumour size, 
FIGO stage, grade and ethnicity) were selected from the 
variables in the training cohort. Considering that the 
number of independent variables included in the regres-
sion equation should be ~10–15× the number of ending 
events, we used LASSO to select the variables. As is shown 
in online supplemental figure 3C,D, seven variables (posi-
tive regional nodes, age at diagnosis, tumour size, FIGO 
stage, grade, radiation and income) were selected from 
the variables in the training cohort. Furthermore, the 
FSR selected 10 variables (positive regional nodes, age 
at diagnosis, tumour size, FIGO stage, grade, ethnicity, 
chemotherapy, history, radiation and income) in the 
training cohort. As a result (online supplemental figure 
4), the discrimination of the FSR was highest in the 
1-year, 3-year and 5-year training cohorts, with a concor-
dance index (C-index) of 0.808 (95% CI: 0.786 to 0.83), 
0.787 (95% CI: 0.771 to 0.802) and 0.771 (95% CI: 0.756 
to 0.786), respectively. Moreover, compared with LASSO 
and BSR (online supplemental table 1), the 1-year, 
3-year and 5-year IDIs of FSR were significantly improved 
(FSR vs LASSO: 0.006, 0.004 and 0.003, respectively, all 
p<0.05; FSR vs BSR: 0.013, 0.012 and 0.011, respectively, 
all p<0.05). Therefore, the nomogram obtained from 
the FSR was optimal (figure 1). These 10 variables were 
obtained from the FSR using multivariate Cox analysis 
due to their optimal performance for predicting CSS in 
patients with advanced EC following surgery. The results 
showed that ethnicity, chemotherapy, historical stage, 
grade, radiation, FIGO stage, age at diagnosis, tumour 
size, positive regional nodes and income were indepen-
dent prognostic factors in this patient group (table 2). A 
nomogram for predicting 1-year, 3-year and 5-year CSS 
was constructed based on these 10 key factors (figure 1).

Nomogram construction and performance
As shown in figure 1, we developed a nomogram based 
on FSR to predict 1-year, 3-year and 5-year CSS rates. 
According to the training and validation cohort data, the 
C-index values were 0.7324 (95% CI=0.7181 to 0.7468) 
and 0.7511 (95% CI=0.7301 to 0.7722), respectively. 
According to figure  2A,B, the AUC for the prediction 
of CSS within 5 years was >0.7 in both the training and 
validation cohorts, indicating favourable discrimination. 
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Table 1  The basic characteristics of patients with endometrial carcinoma in the study

Variables

Primary cohort Training cohort Validation cohort

P value(n=5445) (n=3812) (n=1633)

Race, n (%) 0.903

 � White 4444 (81.6) 3107 (81.5) 1337 (81.9)

 � Black 351 (6.4) 245 (6.4) 106 (6.5)

 � Other* 650 (11.9) 460 (12.1) 190 (11.6)

Chemotherapy, n (%) 0.899

 � No 2167 (39.8) 1515 (39.7) 652 (39.9)

 � Yes 3278 (60.2) 2297 (60.3) 981 (60.1)

Historical stage†, n (%) 0.62

 � Localised 9 (0.2) 5 (0.1) 4 (0.2)

 � Regional 3903 (71.7) 2731 (71.6) 1172 (71.8)

 � Distant 1533 (28.2) 1076 (28.2) 457 (28)

Tumour grade‡, n (%) 0.631

 � I 1226 (22.5) 853 (22.4) 373 (22.8)

 � II 2166 (39.8) 1506 (39.5) 660 (40.4)

 � III–IV 2053 (37.7) 1453 (38.1) 600 (36.7)

Radiation, n (%) 0.055

 � No 2659 (48.8) 1894 (49.7) 765 (46.8)

 � Yes 2786 (51.2) 1918 (50.3) 868 (53.2)

Marital status, n (%) 0.438

 � Unmarried 1232 (22.6) 881 (23.1) 351 (21.5)

 � Married 2675 (49.1) 1855 (48.7) 820 (50.2)

 � Other§ 1375 (25.3) 967 (25.4) 408 (25)

 � Unknown 163 (3.0) 109 (2.9) 54 (3.3)

Lymphadenectomy¶, n (%) 0.601

 � No 70 (1.3) 51 (1.3) 19 (1.2)

 � Yes 5375 (98.7) 3761 (98.7) 1614 (98.8)

FIGO stage, n (%) 0.11

 � III 4741 (87.1) 3301 (86.6) 1440 (88.2)

 � IV 704 (12.9) 511 (13.4) 193 (11.8)

Age at diagnosis, n (%) 0.553

 � 24–64 years 3362 (61.7) 2352 (61.7) 1010 (61.8)

 � 65–75 years 1392 (25.6) 965 (25.3) 427 (26.1)

 � 76–96 years 691 (12.7) 495 (13) 196 (12)

Regional nodes positive, n (%) 0.447

 � 0 2415 (44.4) 1694 (44.4) 721 (44.2)

 � 1–2 1954 (35.9) 1381 (36.2) 573 (35.1)

 � 3–82 1076 (19.8) 737 (19.3) 339 (20.8)

Year of diagnosis, n (%) 0.981

 � 2004–2009 2152 (39.5) 1507 (39.5) 645 (39.5)

 � 2010–2015 3293 (60.5) 2305 (60.5) 988 (60.5)

Tumour size**, n (%) 0.319

 � 0–35 mm 1640 (30.1) 1149 (30.1) 491 (30.1)

 � 36–78 mm 2847 (52.3) 1974 (51.8) 873 (53.5)

 � 79–790 mm 958 (17.6) 689 (18.1) 269 (16.5)

Continued
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Figure  2C,E and G shows the calibration curves of the 
1‐year, 3-year and 5‐year CSS for advanced EC following 
surgery in the training cohort. Figure 2D,F and H shows 
the calibration curves of the 1‐year, 3-year and 5‐year 
CSS for advanced EC following surgery in the validation 
cohort. The dashed black line indicates the ideal refer-
ence line, where the predicted probabilities matched 
the observed survival rates. The red dots represent the 
performance of the nomogram. The closer the solid red 
line is to the black dashed line, the more accurately the 
model predicted survival. As is shown in figure 2C–H, the 
calibration curves of the nomogram showed high concor-
dance between the predicted and observed survival 
probabilities.

Comparative clinical value of the nomogram and FIGO stage
The accuracies of the nomogram and FIGO stage 
were compared based on changes in the receiver oper-
ating characteristic curves and time-dependent AUCs 
(figure 3). Compared with the FIGO stage (online supple-
mental table 2), the 1-year, 3-year and 5-year IDI of the 
nomogram was significantly greater (nomogram vs FIGO 
stage: 0.062, 0.099 and 0.112, respectively). Moreover, 
compared with the FIGO stage (online supplemental 
table 2), the 1-year, 3-year and 5-year NRI of the nomo-
gram was significantly greater (nomogram vs FIGO stage: 
0.364, 0.354 and 0.337, respectively). According to these 
results, the nomogram predicted the prognosis more 
accurately than the FIGO stage.

Assessment of the risk of advanced EC following surgery
In addition to the nomogram, we developed a risk strati-
fication system based on the linear predictor cut-off value 
for each patient in the training cohort. The patients 
were divided into three groups according to their linear 

predictors: low risk (≤0.2), intermediate risk (0.21–1.2) 
and high risk (>1.2). There was a significant difference 
in CSS between the low-risk, medium-risk and high-risk 
groups according to our Kaplan-Meier analysis (all p<0.05, 
online supplemental figure 5). Furthermore, according 
to the nomogram, a total score of ≤185 indicated low risk, 
185≤285 indicated medium risk and >285 indicated high 
risk. These results show that the nomogram had excellent 
risk-stratification capabilities.

DISCUSSION
In this study, we used actual information from patients 
with advanced EC following surgery. We also developed a 
prognostic nomogram and risk stratification system using 
data from the SEER Database. The nomogram produced 
excellent internal and external results, as shown by cali-
bration, C‐index and receiver operating characteristic 
curves.

Few studies have focused on predicting postoperative 
CSS in patients with advanced EC. This study focused on 
postoperative CSS in patients with stage III–IV cancer for 
two key reasons. First, advanced EC has high prognostic 
heterogeneity and a poor survival rate, with a 5-year 
survival rate of 20–60% (although different patients have 
different prognoses). Due to the lack of a reliable model 
to predict survival in patients with advanced EC following 
surgery, individualised clinical management and surveil-
lance can be challenging. Second, patients with advanced 
EC have significantly higher incidence and mortality rates 
following surgery, leading to confounding bias in prog-
nostic indicators.

EC is usually treated surgically, and postoperative treat-
ment depends on risk factors such as age, tumour stage, 

Variables

Primary cohort Training cohort Validation cohort

P value(n=5445) (n=3812) (n=1633)

Income, n (%) 0.701

 � ≤$54 999 1010 (18.5) 707 (18.5) 303 (18.6)

 � $55 000–69 999 2168 (39.8) 1505 (39.5) 663 (40.6)

 � ≥$70 000 2267 (41.6) 1600 (42) 667 (40.8)

Diagnosis time††, mean±SD 1.1±1.2 1.1±1.2 1.1±1.1 0.375

*American Indian/AK Native, Asian/Pacific Islander.
†Historical stage derived from Collaborative Stage for 2004–2015. Localised, an invasive neoplasm confined entirely to the organ of origin. 
Regional, a neoplasm that has extended. Distant, a neoplasm that has spread to parts of the body remote from the primary tumour.
‡ICD-O-2 defines grade I as well differentiated, grade II as moderately differentiated, grade III as poorly differentiated and grade IV as 
undifferentiated.
§Divorced, widowed, separated.
¶The article categorises lymphadenectomy into two categories: those involving regional lymph node dissection and those without it. Without 
lymphadenectomy includes failure to remove or aspirate local lymph nodes, local lymph node biopsy or aspiration, and sentinel lymph node 
biopsy only. Lymphadenectomy includes removal of an unknown number of regional lymph nodes, removal of one to three regional lymph 
nodes, removal of four or more regional lymph nodes, and regional lymph node dissection with anterior lymph node biopsy.
**Based on X-tile procedure cut-offs.
††Months from diagnosis to treatment.
AK, Alaska; FIGO, International Federation of Gynecology and Obstetrics; ICD-O, International Classification of Tumor Diseases for Oncology.

Table 1  Continued
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Figure 1  Nomograms for predicting 1-year, 3-year and 5-year cancer-specific survival. Other: American Indian/Alaska Native, 
Asian/Pacific Islander. FIGO, International Federation of Gynecology and Obstetrics.
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myometrial infiltration depth and histological grade.21 22 
In this study, a prognostic model after the surgical treat-
ment of advanced EC was constructed based on 10 variables 
(ethnicity, chemotherapy, historical stage, tumour grade, 
radiation therapy, FIGO stage, age at diagnosis, tumour 

size, positive regional nodes and median household 
income) screened using FSR. The scores were calculated 
for each item based on the subtype of each independent 
prognostic factor. The total score was calculated using 
scores corresponding to the independent prognostic 

Table 2  Univariate and multivariable Cox regression analyses of cancer-specific survival

Variable

Univariate analysis Multivariate analysis

HR P value HR P value

Race

 � White 1 (ref) 1 (ref)

 � Black 1.88 (1.6 to 2.21) <0.001 1.49 (1.26 to 1.75) <0.001

 � Other* 1.03 (0.89 to 1.2) 0.697 1.15 (0.99 to 1.34) 0.072

Chemotherapy

 � No 1 (ref) 1 (ref)

 � Yes 1 (0.9 to 1.1) 0.958 0.84 (0.75 to 0.93) 0.001

Historical stage†

 � Localised 1 (ref) 1 (ref)

 � Regional 0.41 (0.17 to 0.98) 0.044 0.32 (0.13 to 0.78) 0.012

 � Distant 0.84 (0.35 to 2.03) 0.705 0.34 (0.14 to 0.82) 0.016

Tumour grade‡

 � I 1 (ref) 1 (ref)

 � II 1.51 (1.28 to 1.78) <0.001 1.43 (1.21 to 1.68) <0.001

 � III–IV 3.63 (3.12 to 4.23) <0.001 2.79 (2.39 to 3.26) <0.001

Radiation

 � No 1 (ref) 1 (ref)

 � Yes 0.67 (0.61 to 0.74) <0.001 0.76 (0.69 to 0.84) <0.001

FIGO stage

 � III 1 (ref) 1 (ref)

 � IV 3.33 (2.98 to 3.72) <0.001 2.6 (2.26 to 3) <0.001

Age at diagnosis (years)

 � 24–64 1 (ref) 1 (ref)

 � 65–75 1.47 (1.32 to 1.65) <0.001 1.52 (1.36 to 1.7) <0.001

 � 76–96 2.37 (2.08 to 2.7) <0.001 2.38 (2.08 to 2.73) <0.001

Tumour size (mm)

 � 0–35 1 (ref) 1 (ref)

 � 36–78 1.54 (1.36 to 1.74) <0.001 1.25 (1.1 to 1.41) <0.001

 � 79–790 2.38 (2.07 to 2.74) <0.001 1.72 (1.48 to 2) <0.001

Regional nodes positive

 � Negative 1 (ref) 1 (ref)

 � 1–2 1.34 (1.2 to 1.5) <0.001 1.36 (1.21 to 1.53) <0.001

 � 3–82 1.98 (1.76 to 2.24) <0.001 1.86 (1.62 to 2.14) <0.001

Income

 � ≤$54 999 1 (ref) 1 (ref)

 � $55 000–69 999 0.82 (0.72 to 0.94) 0.003 0.82 (0.72 to 0.94) 0.003

 � ≥$70 000 0.72 (0.63 to 0.82) <0.001 0.75 (0.65 to 0.85) <0.001

*American Indian/AK Native, Asian/Pacific Islander.
†Historical stage derived from Collaborative Stage for 2004–2015. Localised, an invasive neoplasm confined entirely to the organ of origin. Regional, 
a neoplasm that has extended. Distant, a neoplasm that has spread to parts of the body remote from the primary tumour.
‡I, well differentiated; II, moderately differentiated; III, poorly differentiated; IV, undifferentiated.
AK, Alaska; FIGO, International Federation of Gynecology and Obstetrics.
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factors. Each subgroup variable was assigned a score from 
0 to 100 according to its contribution. All enrolled vari-
ables were added to generate a total score on the bottom 
scale, which was then converted to predict CSS. CSS at 1, 
3 and 5 years was determined by drawing a vertical line on 
the total score scale, with higher scores indicating a worse 
prognosis. According to the nomogram, the FIGO stage 

plays the largest role in prognosis, followed by tumour 
grade and age at diagnosis.

Cancer grade, histological subtype, tumour size, LVSI, 
lymph node status and cervical involvement are vital 
prognostic factors in patients with EC.23 In this study, 
tumour grade, tumour size and lymph node status were 
important prognostic factors following surgical treatment 

Figure 2  Time‐dependent AUC and calibration curves of the nomogram. (A,B) Time‐dependent AUC of using the nomogram 
to predict cancer-specific survival (CSS) probability within 5 years in the training and validation cohorts. The red line represents 
AUC=0.7, which is considered ideal. (C, E and G) Calibration curves of 1-year, 3-year and 5‐year CSS for advanced EC post-
surgery in the training cohort. (D, F and H) Calibration curves of 1-year, 3-year and 5‐year CSS for advanced EC post-surgery in 
the validation cohort. The black dashed line indicates the ideal reference line where predicted probabilities match the observed 
survival rates. The red dots represent the performance of the nomogram. The closer the solid red line is to the black dashed 
line, the more accurately the model predicts survival. EC, endometrial carcinoma; time-dependent AUC, area under the time‐
dependent receiver operating characteristic curve.
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for advanced EC. Tumour grade has also been shown 
to be a prognostic factor in EC,24 and our nomogram 
indicates that poorly differentiated or undifferentiated 
tumours have poor prognoses. Conflicting results have 
been reported concerning the impact of tumour size on 
survival outcomes. Preoperative ultrasound tumour size 
was apparently not a prognostic factor for death from any 
cause in women with EC.25 However, tumour size was an 
independent prognostic factor for recurrence alone26 27 
and for recurrence and death due to EC.28 Lymph node 
metastasis further contributes to poor prognosis in 
patients with EC; however, there is no consensus on the 
value and extent of lymph node dissection.29 In this study, 
we found that positive lymph nodes could affect the 

prognosis of surgical treatment for advanced EC, consis-
tent with the findings of previous studies. However, this 
study did not reflect whether lymph node dissection was 
beneficial. This may be related to the fact that the popula-
tion selected in this study underwent lymph node dissec-
tion (98.7%), which was not comparable. Compared with 
women ≥65 years, women <65 years had a significant 
survival advantage, as indicated by previous studies.30

Using advanced EC after surgery as a dataset, this 
study examined factors that could be included in prog-
nostic nomograms. Nomograms combine multiple 
factors, including demographic and clinicopathological 
characteristics, into quantitative models that provide 
better predictions than FIGO staging.31 32 FIGO staging 

Figure 3  Comparison of the accuracy of the nomograms and FIGO stage based on changes in the receiver operating 
characteristic curves and the time-dependent AUC. FIGO, International Federation of Gynecology and Obstetrics; time-
dependent AUC, area under the time-dependent receiver operating characteristic curve.
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has traditionally been used to predict the prognosis of 
women with EC. Staging using this system is closely asso-
ciated with CSS. However, patients at the same stage have 
different prognoses. FIGO staging does not consider 
factors such as age, radiation status and income, thus 
resulting in its prognostic heterogeneity. Therefore, we 
compared nomograms that included more variables. 
Nomograms generally have better predictive powers than 
FIGO staging alone due to their positive NRI and IDI 
scores.

Based on their total nomogram scores, the patients 
were classified into low-risk, intermediate-risk and high-
risk groups. Significant differences were found in CSS 
among the three risk groups based on Kaplan-Meier anal-
ysis (online supplemental figure 5). This nomogram is 
highly effective in identifying high-risk groups owing to 
its poor prognosis. Patients with a total score greater than 
285 should receive special attention.

To investigate the potential utility of the nomogram in 
clinical practice, we analysed data from the SEER Data-
base by using a large sample of data representing different 
population regions. We followed the recommendations 
of the Transparent Reporting of Individual Prognosis 
or Diagnosis Multivariate Predictive Model statement.33 
Bootstrapping and cross-validation methods were used 
to calculate the calibration curves, time-dependent AUCs 
and C-index. These positive results show that our nomo-
gram may be useful for assessing the prognosis of patients 
with advanced EC after surgery.

Although the nomogram performed well, this study had 
some key limitations. Carbohydrate antigen 125 (CA125) 
is a tumour marker whose levels are often elevated in 
patients with malignant tumours such as ovarian epithe-
lial, fallopian tube and EC, as well as in those with lung and 
gastrointestinal adenocarcinomas. In the clinical diag-
nosis and treatment of EC, CA125 levels are often used to 
monitor disease changes, evaluate treatment effects and 
predict prognosis.34 Studies have shown that CA125 is an 
important variable in the prognostic prediction model of 
EC and can significantly improve its accuracy.35 Human 
epididymis protein 4 (HE4) is an acidic whey protein first 
identified in the epithelium of the distal epididymis.36 It is 
expressed in the epithelia of several tissues, including the 
female reproductive tract, and is overexpressed in several 
cancers.37 HE4 is strongly associated with survival in 
patients with EC.38 ECs have traditionally been classified 
into two subtypes (1 and 2) based on their histopatho-
logical characteristics.2 However, this classification system 
lacks reproducibility and yields heterogeneous molecular 
groups that hamper the advancement and implemen-
tation of precision medicine.39 40 It is, therefore, being 
gradually replaced by a clearly defined system based on 
molecular phenotypes.41 The TCGA approach results in 
the molecular stratification of ECs into four distinct molec-
ular groups: DNA polymerase epsilon ultra-mutated classi-
fication, which portends a good prognosis; microsatellite 
instability hypermutated (intermediate prognosis); copy 
number-low; and copy number-high (which includes p53 

mutations and carries the worst prognosis).41 The Euro-
pean Society for Medical Oncology 2022 recommends 
that molecular staging testing should be performed for 
all ECs, but POLE testing can be omitted for low-risk 
patients when conditions are limited. However, MMR and 
p53 testing should still be performed to identify patients 
with hereditary EC or high-risk factors.42 LVSI has a prog-
nostic value in patients with EC independent of TCGA 
signature, age and adjuvant treatment, increasing the risk 
of death from any cause.43 Since data on CA125, HE4, 
molecular typing, LVSI, hormonal therapy or immuno-
therapy were not published in SEER 2004–2015, these 
variables were not assessed in this study. In addition, the 
chemotherapy and radiotherapy information in the SEER 
Database can only be obtained by signing certain legal 
agreements that appeared unavailable at the time. As a 
result, we were unable to study the relationship between 
chemotherapy, radiotherapy, targeted therapy and EC 
prognosis. Moreover, the study cases derived from the US 
SEER Database were non-representative of regions outside 
the USA. Finally, although the predictive performance of 
the nomogram was evaluated thoroughly using internal 
data, validation using different external data sources is 
warranted, and further investigation is recommended.

CONCLUSIONS
Our nomogram is more accurate, has better clinical 
utility and provides better prognostic predictions than 
FIGO staging for patients with advanced EC after surgery. 
However, the predictive performance of the nomogram 
was evaluated using internal data only. Therefore, using 
different data sources for external validation is warranted, 
and further investigation is recommended.
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