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Abstract: Background. This study aimed to establish a prognostic nomogram for predicting overall
survival (OS) and cancer-specific survival (CSS) of patients with early-onset endometrial cancer
(EOEC). Methods. Patients diagnosed with EOEC during 2004-2015 were extracted from the
Surveillance, Epidemiology, and End Results (SEER) database. Univariate and multivariate Cox
regression analyses were performed to ascertain the independent factors impacting the prognosis
of EOEC patients, while a prognostic nomogram was established. Its performance was verified by
the receiver operating characteristic (ROC) curves, and calibration plots. The prediction accuracy
and clinical net benefit between the model, TNM stage and SEER stage were further compared by
the concordance index (C-index) and decision curve analysis (DCA). Results. A total of 4415 eligible
patients with EOEC were identified and enrolled in this study. Independent prognostic factors for
OS and CSS were confirmed by multivariate Cox regression, which were further incorporated to
constructed a nomogram. ROC curves and calibration curves indicated an optimal accuracy of the
nomogram. Meanwhile, the C-index and DCA showed the predictive capability and the clinical
applicability of the nomogram was superior over the TNM stage and SEER stage. Conclusions.
Nomogram based on risk factors was developed as an individualized tool to predict OS and CSS for
EOEC patients. The novel tool will assist in patient counseling and selection of appropriate
therapeutic regimens.

Keywords: early-onset endometrial cancer; prognostic nomogram; overall survival; cancer-specific
survival; SEER

1. Introduction

Endometrial cancer (EC) is the most common gynaecological malignancies, and the sixth most
common cancer in women, with an estimated 65620 newly diagnosed cases and over 12590 deaths in
2021, seriously threatening women’s health [1,2]. The overall incidence of EC is slowly increasing,
while the number of young women with EC is doubled [3]. This may be due to the prevalence of EC
screening, as well as the influence of obesity [4], metabolic syndrome [5], insulin resistance [6], and
reproductive factors [7,8]. A woman's lifetime risk of developing EC is about 3%, with a median age
at diagnosis of 61 years old [9]. Patients with EC usually have classical clinical manifestations of
postmenopausal bleeding, which facilitates early diagnosis. However, the pre-operative diagnosis of
EC in premenopausal young women is a clinical challenge.

There is no consensus on explicit definition of early-onset endometrial cancer (EOEC).
According to previous literature and clinical studies, EOEC denotes that EC patients are diagnosed
at an age < 50 years old [10-12]. EOEC patients have a more favorable prognosis than elderly patients

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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with more frequent well-differentiated tumor and better tumor stage [13]. However, recurrence can
still occur even in early-stage patients with EOEC, which is the primary cause of cancer death.

Clinically, TNM staging system has been widely implemented in cancer management. However,
this prognostic scoring system only considers tumor invasion, regional lymph node, and distant
metastasis as predictors, and does not incorporate demographic and clinical characteristics, making
it limited and not an accurate predictor of prognosis [14]. Therefore, it is necessary to develop
nomogram models based on multiple risk factors to analyze the prognosis of cancer patients.

Currently, some nomograms have been constructed to predict the prognosis of EC patients, but
these models are not suitable for assessing the survival of EOEC [15,16]. To fill this research gap, we
conducted this study based on SEER database to explore the prognostic variables and construct
specific nomograms for EOEC. Then, the predictive performance and application value of
nomograms were validated and further compared with TNM stage and SEER stage. Effective
prediction of prognosis in EOEC can inform evidence-based interventions for the individual and
reduce the healthcare burden of this disease.

2. Materials and Methods

2.1. Patients Population

EC patients who were diagnosed during 2004-2015 were obtained from the SEER database using
SEER*Stat program (v8.4.0.1). Patients with EOEC were identified by the histological code (ICD-O-3)
and the cancer staging scheme (v0204) [17]. The exclusion criteria were (1) age = 50 years old; (2)
multiple primary tumors; (3) incomplete clinicopathological data (race, tumor size, grade, and TNM
stage); (4) survival information or surgical records missing. The flow diagram of the screened EOEC
patients was depicted in Figure 1. Since the data were derived from the publicly available SEER
database, institutional review board approval and informed consent were not required.

Patients with endometrial cancer
between 2004 and 2015 identified

from the SEER database
(n =138316)
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Figure 1. Flowchart of selection of EOEC.
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2.2. Variables

Variables encompassed age, race, grade, tumor size, TNM 7th stage, SEER stage, surgery,
lymphadenectomy, radiotherapy, and chemotherapy. OS was defined as the period from diagnosis
to death or last follow-up. CSS was defined as the period from diagnosis to death caused by
endometrial cancer or censoring. X-tile program was utilized to evaluate the optimal thresholds for
variables (tumor size and patients age) (Figure 2) [18].
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Figure 2. The optimal thresholds for variables were evaluated using X-tile. (a-c¢) The optimal
thresholds for patients age in the entire cohort were assessed by X-tile; (d-f) The optimal thresholds
for tumor size in the entire cohort were assessed by X-tile.

2.3. Statistical Analysis

EOEC patients were randomly separated into either a training cohort or a verification cohort.
The training cohort was employed to develop the nomograms, then accuracy of the prediction models
were assessed by the verification cohort. SPSS (v25.0) and R (v4.2.1) software were utilized for
statistical analysis. Detailed R code was provided in Supplementary Materials R. Categorical data
were expressed as frequencies with percentages, and further analyzed by Chi-square test or Fisher’s
exact test. Kaplan-Meier analyses were utilized to generate and describe OS and CSS curves.
Multivariate Cox regression was utilized to verify the predictors. Meanwhile, hazard ratio (HR) were
calculated, which were displayed with 95% CI. P-value <0.05 were considered as statistically
significant.

3. Results

3.1. Demographic and Clinical Characteristics

Demographic information and clinical data of EC patients were selected from SEER database
during 2004-2015. A total of 4415 younger and 36267 elderly patients were screened and enrolled.
Detailed information about clinical pathological features were demonstrated in Table 1. In the whole
study cohort, elderly patients accounted for the majority of the cases (89.1%), whereas younger
patients accounted for only 10.9%. In terms of race, the proportion of other races, such as Asian/Pacific
Islanders, in younger patients is higher than that in elderly patients. With regard to the grade and
TNM stage, younger patients have a higher proportion of grade I (55.9%), T1 stage (81.5%), NO stage
(91.1%), and MO stage (95.9%). Concerning treatment, more elderly patients received
lymphadenectomy (68.2%), radiotherapy (31.1%), and chemotherapy (23.9%). Moreover, survival
analysis illustrated that younger patients had higher OS and CSS than elderly patients (P < 0.0001)
(Figure 3).

Among EOEC patients, 3092 patients were separated into a training cohort and the rest into a
validation cohort (n = 1323). There were not statistically different between the datasets and their
baseline characteristics were summarized in Table S1.
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Table 1. Baseline demographic and clinicopathologic characteristics of younger and elderly patients

with EC.
Age <50 years old Age > 50 years old
Variables (n = 4415) (n =36267) P value
n % n %
Race <0.001*
White 3310 75.0 29535 81.5
Black 333 7.5 3451 9.5
Other 772 17.5 3281 9.0
Grade <0.001*
I 2466 55.9 14351 39.6
I 1211 27.4 9980 27.5
I 583 13.2 8436 23.3
v 155 3.5 3500 9.6
T stage 0.018*
T1 3600 81.5 29081 80.2
T2 324 7.3 2580 7.1
T3 441 10.1 4093 11.3
T4 50 1.1 513 14
N stage <0.001*
NO 4023 91.1 31958 88.1
N1 237 5.4 2526 7.0
N2 155 3.5 1783 49
M stage 0.002*
MO 4232 95.9 34359 94.7
M1 183 4.1 1908 5.3
Tumor size (cm) <0.001*
<3.6 1116 25.3 7815 21.5
3.6-7.8 3027 68.5 25998 71.7
>7.8 272 6.2 2454 6.8
SEER stage <0.001*
Localized 3232 73.2 25104 69.2
Regional 978 22.2 9027 24.9
Distant 205 4.6 2136 5.9
Surgery 0.746
No 70 1.6 552 1.5
Yes 4345 98.4 35715 98.5
Lymphadenectomy <0.001*
No 1879 42.6 11541 31.8
Yes 2536 57.4 24726 68.2
Radiotherapy <0.001*

No/Unknown 3509 79.5 25000 68.9
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5
Yes 906 20.5 11267 31.1
Chemotherapy <0.001*
No/Unknown 3546 80.3 27602 76.1
Yes 869 19.7 8665 23.9
*, P <0.05.
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Figure 3. Kaplan-Meier plots of (a) OS and (b) CSS in younger and elderly patients with EC.

3.2. Establishment of the Nomogram

Univariate and multivariate Cox regression analyses were performed to identify independent
prognostic factors (Tables 2 and 3). Then, six predictors identified by multivariate regression models
were further recruited and used for developing OS and CSS nomogram models, including age, race,
grade, T stage, tumor size, and surgery (Figure 4). According to the degree of contribution of each
predictor to the resulting events (OS and CSS), the corresponding points (the first axis) were obtained.
Then, the points of each predictor were summed to predict the survival probability of EOEC patients.

Table 2. Univariate and multivariate analyses for OS in the training cohort (n=3092).

Univariate analysis Multivariate analysis
Variables No. of patients
P value HR (95% CI) P value

Age <0.001*

<45 1624 Ref

45-47 760 0.99 (0.73-1.3) 0.95

>47 708 1.4 (1.1-1.9) 0.011*
Race <0.001*

White 2323 Ref

Black 241 1.7 (1.2-2.4) 0.002*

Other 528 1.2 (0.9-1.7) 0.19
Grade <0.001*

I 1735 Ref

II 836 2.2(1.6-3.2) <0.001*

I 411 3.9 (2.6-5.7) <0.001*

v 110 7.5 (4.7-12) <0.001*
T stage <0.001*

T1 2510 Ref
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T2 248 2.2(1.3-3.6) 0.002*

T3 296 2.6 (1.6-4) <0.001*

T4 38 2.8 (1.4-5.7) 0.004*
N stage <0.001*

NO 2812 Ref

N1 170 1.2 (0.83-1.7) 0.35

N2 110 1.3 (0.88-1.9) 0.19
M stage <0.001*

MO 2962 Ref

M1 130 2.4 (0.86-6.6) 0.096
Tumor size (cm) <0.001*

<3.6 778 Ref

3.6-7.8 2124 1.4 (0.98-2.1) 0.06

>7.8 190 1.8 (1.1-2.9) 0.017*
SEER stage <0.001*

Localized 2259 Ref

Regional 687 1.2 (0.74-1.9) 047

Distant 146 1.6 (0.5-5) 0.44
Surgery <0.001*

No 47 Ref

Yes 3045 0.29 (0.17-0.49) <0.001*
Lymphadenectom 036 _ ~
y

No 1322 - -

Yes 1770 - -
Radiotherapy <0.001*

No/Unknown 2451 Ref

Yes 641 0.77 (0.59-1) 0.06
Chemotherapy <0.001*

No/Unknown 2489 Ref

Yes 603 1.1 (0.76-1.5) 0.66

HR, hazard ratio; CI, confidence intervals; *, P <0.05.

Table 3. Univariate and multivariate analyses for CSS in the training cohort (n=3092).

Univariate analysis Multivariate analysis
Variables No. Of patients
P value HR (95% CI) P value

Age 0.005*

<45 1624 Ref

45-47 760 1(0.74-1.4) 0.95

>47 708 1.5 (1.1-1.9) 0.008*
Race <0.001*

White 2323 Ref
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Black 241 1.7 (1.2-2.4) 0.001*
Other 528 1.2 (0.9-1.7) 0.21
Grade <0.001*
I 1735 Ref
II 836 2.2(1.6-3.2) <0.001*
III 411 3.9 (2.6-5.7) <0.001*
v 110 7.6 (4.8-12) <0.001*
T stage <0.001*
T1 2510 Ref
T2 248 2.2 (1.3-3.6) 0.002*
T3 296 2.5 (1.6-4) <0.001*
T4 38 2.6 (1.3-5.4) 0.008*
N stage <0.001*
NO 2812 Ref
N1 170 1.2 (0.84-1.7) 0.33
N2 110 1.3 (0.9-2) 0.15
M stage <0.001*
MO 2962 Ref
M1 130 2.2 (0.79-6.3) 0.13
Tumor size (cm) <0.001*
<3.6 778 Ref
3.6-7.8 2124 1.5 (1-2.1) 0.048*
>7.8 190 18(1.1-3) 0.017
SEER stage <0.001*
Localized 2259 Ref
1.2 (0.73-1.9)
Regional 687 0.49
1.7 (0.53-5.4)
Distant 146 0.38
Surgery <0.001*
No 47 Ref
0.28 (0.17-0.48)
Yes 3045 <0.001*
Lymphadenectomy 0.23 -
No 1322 -
Yes 1770 -
Radiotherapy <0.001*
No/Unknown 2451 Ref
0.78 (0.59-1)
Yes 641 0.071

Chemotherapy <0.001*
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No/Unknown 2489 Ref

1.1 (0.75-1.5)
Yes 603 0.73

HR, hazard ratio; CI, confidence intervals; *, P <0.05.
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Figure 4. Nomograms for early-onset endometrial cancer patients predicting 3- and 5-year (a) OS and
(b) CSS.

3.3. Validation of the Nomogram

The established nomogram models were further verified with C-index and AUC values. In the
OS and CSS prediction models, the C-index values for the training cohort were 0.828 (95% CI: 0.801-
0.855) and 0.827 (95% CI: 0.800-0.854). While for validation cohort, the C-index values were 0.844 (95%
CI: 0.809-0.879) and 0.889 (95% CI: 0.854-0.924). AUC values of the models were above 0.8,
demonstrating that the models had good discriminatory (Figure 5). The calibration curves
demonstrated that only minor deviations from perfect consistency between the predicted and
observed values, implying that the models fit well (Figure 6).
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Figure 5. ROC analysis of models for 3- and 5-year OS in (a) the training cohort; (b) the validation
cohort; for 3- and 5-year CSS in (c) the training cohort; (d) the validation cohort.
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Figure 6. Calibration plots of nomograms for 3- and 5-year OS in (a, b) the training cohort; (c, d) the
validation cohort; for 3- and 5-year CSS in (e, f) the training cohort; (g, h) the validation cohort.

In addition, we evaluated the merits and demerits of the newly constructed nomograms by
comparing with TNM stage and SEER stage. First, we used C-index to verify the prediction models
for OS and CSS, which were better than TNM stage and SEER stage (Tables 4 and 5). Moreover, the
DCA results also implied that the clinical applicability of the models were superior over TNM stage
and SEER stage (Figure 7).

Table 4. C-index of different risk stratification systems for OS in the training and validation set.

Training set Validation set
Risk stratification systems
C-index 95% CI C-index 95% CI
AJCC TNM stage 0.772  (0.743-0.801)  0.766 (0.720-0.813)
SEER stage 0.758  (0.729-0.787)  0.773  (0.730- 0.816)
Nomogram model 0.828  (0.801-0.855) 0.844  (0.809-0.879)

index, concordance index; CI, confidence interval; OS, overall survival.

Table 5. C-index of different risk stratification systems for CSS in the training and validation set.

Training set Validation set
Risk stratification systems
C-index 95% CI C-index 95% CI
AJCC TNM stage 0.770  (0.741-0.799)  0.837  (0.792-0.882)
SEER stage 0.756  (0.727-0.785)  0.826  (0.783-0.869)
Nomogram model 0.827  (0.800-0.854)  0.889  (0.854-0.924)

index, concordance index; CI, confidence interval; CSS, cancer-specific survival.
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(e) (f) (g) (h)
Figure 7. DCA for different risk stratification systems for 3- and 5-year OS in (a, b) the training cohort;

(¢, d) the validation cohort; for 3- and 5-year CSS in (e, f) the training cohort; (g, h) the validation
cohort.

3.4. Survival Analysis

The Kaplan-Meier method was used to evaluate the OS and CSS among EOEC patients (Figure
8 and Figure S1). Age had an impact on survival, with patients aged > 47 years seeming to have a
worse prognosis. Black patients had the shorter survival time than other race, and the prognosis of
patients with tumors > 7.8 cm seems to have a worse survival. In terms of tumor characteristics, T
stage and tumor grade were respectively related to the outcome of EOEC patients. Patients with T4
stage or grade IV had worse OS and CSS significantly. Meanwhile, OS and CSS improved
significantly with surgery compared to untreated patients.

Siats B8 cliy B 5 S e Stta 15 B 267 7

p <000l

St i)

Wt al ik

p=00001 “ p<ooont

@ (@ )
Figure 8. Survival analysis to determine the impact of (a) age; (b) tumor size; (c) race; (d)T stage; (e)
grade; (f) surgery on OS.
4. Discussion

Authors should discuss the results and how they can be interpreted from the perspective of
previous studies and of the working hypotheses. The findings and their implications should be
discussed in the broadest context possible. Future research directions may also be highlighted.
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The overall incidence of EC has increased in recent years, especially among younger patients.
EOEC has gradually become a unique subset due to the significant differences in clinical
manifestations, clinicopathological features, and survival prognosis [19]. In our present study,
although young patients with EC accounted for only 10.9%, due to the large population base of
patients, this number is still large and increasing. Thus, it’s of great significance to accurately predict
the survival time of EOEC patients by comprehensively considering multiple clinical features. Here,
we first constructed and validated specialized survival nomograms for EOEC to predict individual
OS and CSS.

In this study, twelve factors of demographic and clinical characteristics were analyzed, and six
factors were determined as predictors for constructing nomograms, which consisted of age, tumor
size, race, grade, T stage, and surgery. These variables have been reported to be associated with the
prognosis of EOEC patients [20]. In our study, age was an independent prognostic factor for EOEC
patients. Elderly patients with EC are often accompanied by some basic diseases, such as diabetes,
hypertension, neurological diseases, etc., which cause deterioration of patients” condition. For young
patients, their physical fitness, immunity, and tolerance are relatively good, allowing for earlier
diagnosis and a better prognosis. More interestingly, we observed a higher risk of death in patients >
47 years; similarly with multivariate analysis results, survival analysis also indicated a worse
prognosis for patients > 47 years. It is speculated that some premenopausal women aged > 47 years
mostly presented clinically with menstrual disorders that cover up EOEC and delay the diagnosis,
which may be a potential cause of adverse prognosis. Therefore, clinicians should be alert to these
women with risk factors and treat them aggressively; conversely, patients younger than 47 years
should be evaluated thoroughly to avoid overtreatment.

A number of studies have demonstrated race was associated with the prognosis of EC, which
were consistent with our findings [21]. Our present study suggested that Black women with EOEC
had a worse prognosis compared to White women. Moreover, we also found that survival rates for
other races were between Blacks and Whites, which may be related to changes in people’s living style
and eating habits in recent years. An epidemiological report indicated that although the incidence of
endometrial cancer in Black women is similar to that of Whites, the death rate is 97% higher than that
in White women [22]. The difference in cancer prognosis can be attributed in part to genetics
differences, the majority of race disparity is driven by variations in socioeconomic status and access
to quality medical care [23,24]. By measuring the weights of variables on the nomogram scale, we
found that tumor grade was the most important prognostic factor for EOEC, with a higher grade
frequently indicating a worse prognosis. Despite the overall survival rate of patients is relatively high,
high-grade EC tend to recur, which is one of the main causes of death [25,26]. Our present study
demonstrated tumor size and T stage were closely related to the survival status of patients with EOEC,
especially when tumor size larger than 7.8 cm as well as deep tumor invasion (T3 and T4), presenting
a worse OS. This result was in agreement with previous reports [27]. Additionally, our study also
confirmed the importance of surgical treatment for EOEC patients, which can prolong the OS and
CSS. In the study by Son J et al. [28], 96.1% young patients with EC underwent hysterectomy, whereas
patients who opted for fertility-sparing treatment with progestin therapy were associated with higher
recurrence rates. Therefore, surgical treatment is of great significance in improving the prognosis and
survival of patients with EOEC.

Noteworthy, N stage, M stage, radiotherapy, and chemotherapy were not candidate predictors
for EOEC in the present study. Actually, N and M stages were considered as essential risk factors for
EC patients, we considered that these disagreements arose from our focus on EOEC patients rather
than all EC patients, and some high-risk clinical features, including high N and M stages, were
infrequently found in EOEC. Hence, using these factors to predict the survival of EOEC may not be
reliable. More intriguingly, younger patients were less likely to receive adjuvant therapy than the
older groups, making radiotherapy and chemotherapy not significant in multivariate analysis [28].

In recent years, many predict models and molecular scoring systems have been established to
predict the survival status of EC patients. But the high cost of testing and the cumbersome inspections
make it difficult to carry out in many regions. The nomogram we established was based on six readily
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available clinical characteristics, which was more beneficial to clinicians in assessing patients’
prognosis and make appropriate clinical decisions. Meanwhile, our model was based on a
representative large population-based dataset from SEER, which enhances its generalizability.
Moreover, the analysis of only EOEC cases provided an opportunity to comprehensively consider
the variables incorporated into the model. The nomogram that integrated multiple clinical variables
outperformed than TNM stage and SEER stage, and showed good prognostic discrimination in
patients with EOEC.

However, there remains some limitation in our study. First, detailed treatment records were not
adequately provided in the SEER database, including surgical procedures and chemotherapy
regimens, which hinders further exploration of EOEC. Second, other known prognostic factors, such
as lymphovascular space invasion, histological type, estrogen receptor, and progesterone receptor,
were not contained in the present study. Finally, our study was derived from a retrospective analysis
of public data, which may cause selection bias; and the predictive accuracy of the model should be
further confirmed by a multicenter prospective study.

5. Conclusions

In summary, the nomograms were available for predicting the survival prognosis of patients
with EOEC to assist clinicians in making treatment decisions and scientific management of patients.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Supplementary Materials R: Related computerized programs for nomogram with
R; Table S1: Baseline characteristics of the training set and the validation set; Figure S1: Survival analysis of
different variables affecting CSS in patients with early-onset endometrial cancer.
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