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for predicting overall survival in patients
with early-onset endometrial cancer
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Abstract

Background This study aimed to investigate the differences in the clinicopathological characteristics of younger and
older patients with endometrial cancer (EC) and develop a nomogram to assess the prognosis of early onset EC in
terms of overall survival.

Methods Patients diagnosed with EC from the Surveillance, Epidemiology, and End Results (SEER) database
between 2004 and 2015 were selected. Clinicopathological characteristics were compared between younger and
older patients, and survival analysis was performed for both groups. Prognostic factors affecting overall survival

in young patients with EC were identified using Cox regression. A nomogram was created and internal validation
was performed using the consistency index, decision curve analysis, receiver operating characteristic curves, and
calibration curves. External validation used data from 70 patients with early onset EC. Finally, Kaplan-Meier curves
were plotted to compare survival outcomes across the risk subgroups.

Results A total of 1042 young patients and 12,991 older patients were included in this study. Younger patients were
divided into training (732) and validation (310) cohorts in a 7:3 ratio. Cox regression analysis identified age, tumorsize,
grade, FIGO stage(International Federation of Gynecology and Obstetrics) and surgery as independent risk factors
for overall survival, and a nomogram was constructed based on these factors. Internal and external validations
demonstrated the good predictive power of the nomogram. In particular, the C-index for the overall survival
nomogram was 0.832 [95% confidence interval (0.797-0.844)] in the training cohort and 0.839 (0.810-0.868) in the
internal validation cohort. The differences in the Kaplan-Meier curves between the different risk subgroups were
statistically significant.

Conclusions In this study, a nomogram for predicting overall survival of patients with early onset endometrial cancer
based on the SEER database was developed to help assess the prognosis of patients and guide clinical treatment.
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(SEER) database

*Correspondence:

Yuzhen Guo

guoyz@lzu.edu.cn

'Department of Gynecology, Second Hospital of Lanzhou University,
No.82 Cui Ying Gate, Cheng guan District, Lanzhou, Gansu 730030, China

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-023-11682-9&domain=pdf&date_stamp=2023-12-13

Zhang et al. BMC Cancer (2023) 23:1230

Introduction

Endometrial cancer (EC) is the sixth most common can-
cer affecting women worldwide. In recent years, EC has
become the most common gynecological malignancy in
developed countries [1], and its incidence is increasing in
young women [2]. Meanwhile, the incidence of EC and
associated mortality are on the rise [3]. It is estimated
that there were 66,570 new cases and 12,940 deaths from
this disease in the United States in 2021 [4]. Although
most women diagnosed with EC have already gone
through menopause, premenopausal women younger
than 45 account for approximately 10% of reported cases
of EC [5].

Factors associated with an increased risk of EC include
age, obesity, family history, and tumor stage [6]. Previ-
ous studies have suggested age as an important factor
associated with overall survival, the importance of age
in assessing the prognosis of patients with EC remains
controversial [7]. It has been suggested that patients with
EC under 45 years of age tend to have a lower incidence
of advanced disease, a higher degree of tumor differen-
tiation, and better prognosis [8]. Early diagnosis of EC in
younger patients is suggested to be lower and can easily
be misdiagnosed as abnormal uterine bleeding, whereas
older patients are more likely to be diagnosed at an early
stage [8]. Nelson et al. [9] found no association between
increasing age and the prevalence of endometrial hyper-
plasia, which was more common in women aged <40
years than in those aged 40-50 years. Clinically, patients
younger than 45 years were defined as having early onset
EC. The FIGO staging system proposed by the Interna-
tional Federation of Obstetrics and Gynecology has been
widely used to predict the prognosis of EC [10]. However,
the FIGO staging system remains limited and does not
accurately predict the prognosis. Further comprehensive
analysis of the prognostic factors associated with patients
with early onset EC is necessary to establish individual-
ized treatment plans.

In this study, differences in clinicopathological char-
acteristics affecting the prognosis of younger and older
patients were explored using data from the Surveillance,
Epidemiology, and End Results (SEER) database. Vari-
ables associated with the prognosis of young patients
were further analyzed. A nomogram was constructed
using the relevant variables to predict the prognosis of
patients with early onset EC at 3-, 5-, 8-, and 10-year
overall survival and to guide clinical treatment.

Materials and methods

Training and internal validation cohorts

This study used the SEER database (http://seer.can-
cer.gov/seerstat/), which covers 30% of the popu-
lation of the United States. SEER has collected
information on incidence rate, morbidity, mortality and
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other evidence-based drugs of cancer patients in some
states and counties in the United States for decades,
providing valuable information about cancer diseases
for most clinical medical personnel [11, 12]. This study
used data from 1975 to 2020. Data were extracted, down-
loaded, and analyzed using SEER*Stat 8.4.1.2. (accunt
ID: 18,893,816,203@163.com). Primary sites, C54.1-9
and C55.917; site and morphology, 8380/3 (based on the
International Classification of Tumor Diseases for Oncol-
ogy (ICD-0), Third Edition); histology, 8000—9930 (ade-
nomas and adenocarcinomas); FIGO stage LILIII and
IV; and therapy. This study was approved by the Ethics
Committee of the Second Hospital of Lanzhou University
(Ethics Approval No0.2022 A-336) and strictly complied
with the Declaration of Helsinki. The Ethics Committee
of the Second Hospital of Lanzhou University waived the
requirement for informed consent.

Patients diagnosed with early onset EC between 2004
and 2015 were included in this study. The exclusion cri-
teria were as follows: (I) age>45 years, (II) multiple pri-
mary tumors, (III) missing disease-related information
(FIGO stage, grade and tumorsize), (IV) unclear cause
of death, and (VI) incomplete follow-up time. The flow-
chart is shown in Fig. 1. In total, 1042 young patients and
12,991 older patients were selected from the SEER data-
base. Younger patients were randomly (7:3) divided into
training (n=732) and validation (n=310) cohorts. There
were no significant differences in the variables between
the two groups (all p-values<0.05), as detailed in Table 1.

The variables included age at diagnosis, race, marital
status, histological type, tumorsize, grade, FIGO stage,
radiotherapy, chemotherapy, and surgery. The follow-
up variables included survival status, survival time, and
cause of death. The primary endpoint was overall sur-
vival, which refers to the time from diagnosis to death
from any cause.Age (<33 and 34-45 years) and tumor-
size(<4 and >4 cm) were determined using x-tile soft-
ware to obtain the optimal cutoff values. FIGO stage use
2009 version.

External validation cohort

The clinical data of 70 patients who were treated at the
Department of Gynecology of the Second Hospital of
Lanzhou University and pathologically diagnosed with
EC between January 2011 and August 2021 were ret-
rospectively analyzed. The inclusion criteria were as
follows: (I) age<45 years; (II) primary tumor; (III) con-
firmed postoperative pathological diagnosis of EC; and
(V) complete clinical and postoperative follow-up data.
The follow-up was conducted on August 30, 2021.

Data analysis
We first compared the basic clinical information of
elderly EC patients and young EC patients, and then
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Fig. 1 Flowchart for selection of research subjects

obtained factors that affect the prognosis of young EC
patients based on Cox univariate regression. P<0.05
was included in Cox multivariate regression for further
analysis. Finally, a predictive model related to overall sur-
vival rate was constructed.The model predictive ability
was evaluated using the concordance index, area under
the receiver operating characteristic curve, and decision
curve analysis. Calibration curves were plotted to assess
the agreement between the nomogram and actual model.
According to the total scores of the validation and train-
ing queues, patients are divided into low-risk and high-
risk groups, respectively. Kaplan-Meier curves were used
to compare overall survival between the two groups. All
statistical analyses were performed using SPSS (version
26.0; SPSS Inc., Chicago, IL, USA) and R (version 4.3.1;
R Foundation for Statistical Computing, Vienna, Austria).

Results

We included 1042 young patients and 12,991 older
patients with EC from the SEER database. In terms
of race, both groups had a high proportion of white
patients, 61.0% and 78.6%, respectively. The histologi-
cal type of adenocarcinoma accounted for 83.7% of the
younger patients. Regarding the histological grades, a
higher proportion of younger patients were in grade I
(58.7%), and a higher number of older patients were in
grade II or above (55.7%).Many patients were located in
FIGO I. The numbers of young and older patients receiv-
ing adjuvant treatment were low (Table 1). Survival
analysis showed that overall survival and cancer-specific
survival were higher in younger patients than in older
patients (P-value<0.001) (Fig. 2).

Younger patient characteristics

The younger group comprised 101 (13.8%) patients <33
years old and 631 (86.2%) patients 33-44 years old.
In the race group, 636(61.0%) patients were white,
64(6.2%) were black, and 342 (32.8%) patients were of
other ethnic groups. Further, 507 (48.7%) were identi-
fied as married and 535 (51.3%) patients were in other
marital statuses. Regarding the pathological type,
adenocarcinoma was the most prevalent, account-
ing for 83.7% of all tumors. With respect to FIGO
stage, the majority of patients were classified as FIGO
I (72.7%). There were 566 (54.3%) patients with tumor
size (cm)<4. The treatment protocols for the patients
included chemotherapy (189; 18.1%) and radiotherapy
(239; 22.9%). The proportion of patients undergoing
surgery was 99.1%. (Table 2)

Univariate and multivariate analysis

Univariate Cox analysis identified age, tumorsize, histol-
ogy, grade, FIGO stage, radiation, chemotherapy, and
surgery as risk factors significantly associated with over-
all survival. These risk factors were included in the mul-
tivariate analysis (P-value<0.05). Age, grade, FIGO stage,
surgery were independent risk factors for poor overall
survival (Table 3).

Nomogram Construction

The different subtypes of each independent prognostic
variable were projected onto a scale to obtain a score
for each item. The scores corresponding to indepen-
dent prognostic factors were summed to obtain the
total score. The higher the total score, the worse the
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Table 1 Demographic and clinicopathological characteristics among young and older EC patients
Variables age<45years old age>45 years old Pvalue
(n=1042) (n=12,991)
N % N %
Marital status
Married 507 487 6913 532 0.004
Other 535 513 6078 46.8
Race <0.001
White 636 61.0 10,207 786
Black 64 6.2 872 6.7
Other 342 328 1912 14.7
Histology <0.001
Adenocarcinoma 872 83.7 9802 755
Other 170 163 3189 24.5
Tumor size(cm) <0.001
<4 566 543 8076 62.2
>4 476 45.7 4915 37.8
Grade <0.001
Gradel 612 58.7 5759 443
Grade Il 274 263 3669 283
Grade lll 131 12.6 2628 20.2
Grade IV 25 24 935 7.2
FIGO 0.782
I 758 727 9312 717
Il 80 7.7 965 74
Il 155 14.9 2044 15.7
v 49 4.7 670 52
Radiotherapy <0.001
Yes 239 229 3977 306
No/Unknown 803 77.1 9014 69.4
Chemotherapy 0.081
Yes 189 18.1 2650 204
No/Unknown 853 81.7 10,341 79.6
Surgery 0.128
Yes 1033 99.1 12,804 98.6
No 9 09 187 14

prognosis. For a 40 year old EC patient with a tumorsize
greater than 4 cm, grade II, FIGO stage II, and no sur-
gical treatment, adding up the scores of each prognos-
tic factor, she scored 183 points on the overall survival
chart, and estimated a 5-year overall survival rate of
59% based on the nomogram. The nomogram showed
that FIGO stage had the greatest influence on prognosis

(Fig. 3).

Internal validation

In the training cohort, the concordance index for the
overall survival nomogram was 0.832(0.797-0.844),
which was greater than that of a single independent
prognostic risk factor. In the validation cohort, the con-
cordance index for the nomogram of overall survival
was 0.839 (0.810-0.868). This result was also superior

to that of the independent prognostic risk factors. The
AUC values for 3-, 5-, 8- and 10-year overall survival
in the training cohort (0.926, 0.852, 0.830, and 0.829,
respectively) were significantly higher than those for
FIGO stage (0.849, 0.820, 0.781, and 0.784, respec-
tively). The results for the validation cohort also showed
significantly higher AUC values for the nomogram
(0.926,0.877, 0.86, and 0.858) than for grade (0.849,
0.817, 0.814, and 0.794) (Fig. 4A, B). The calibration
curves for the training and validation cohorts were close
to the 45-degree diagonal, indicating that the probabili-
ties of the predicted values were generally consistent
with the actual probabilities (Fig. 4C, D). In addition,
DCA curves confirmed the validity of the nomogram
(Fig. 4E, F).
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Fig. 2 The overall survival (A: OS) and cancer specific survival (B: CSS) of younger and older patients

External validation

In 70 early-onset EC patients, four were aged<33 years;
among FIGO stage I were 84.3% (Supplementary Table
1). The AUCs at 5-, 8-, and 10-year for the nomogram
(0.802, 0.807, and 0.791, respectively) were higher than
those for the FIGO stage (0.713, 0.713, and 0.659) (Sup-
plementary Fig. 1).

Risk stratification

We divided the training cohort, the internal and exter-
nal validation cohorts into high- and low-risk groups
based on critical values. Comparison of overall survival
between groups using Kaplan-Meier curves showed
that overall survival rates were higher in all low-risk
groups than in the high-risk group (P-value<0.05)
(Fig. 5).

Discussion

The nomogram can transform complex regression equa-
tions into visualized simple graphs, making the pre-
diction results easier to read and more convenient for
evaluating patient conditions; In clinical practice, it can
be used for multi-indicator joint diagnosis or predic-
tion of disease risk or prognosis. By using nomogram, an
accurate digital probability of survival or risk can be pro-
vided for each patient, which can assist clinical doctors
in making decisions and reflect the idea of personalized
healthcare.

We first compared the differences in the clinicopatho-
logical characteristics of the prognosis of younger and
older patients with EC, and the results were consistent
with previous studies [13, 14]. We further analyzed the
clinicopathological characteristics of patients with EC
aged <45 years and examined the variables associated
with their prognosis.

Race is widely recognized as an important risk factor
for tumor prognosis [15, 16]. Tarney et al. [13] found
that the median age at diagnosis of black patients with
plasmacytoma and carcinosarcoma was 3 years younger
than that of white patients (P-value<0.0001). Some
researchers have suggested that among EC patients,
the mortality rate is 2.5 times higher in black women
than in white women, despite a 30% lower incidence in
black patients [16, 17]. This is primarily because patients
respond differently to treatments, comorbidities, and
genetic mutations. Our findings showed that white
patients were more likely to develop EC, accounting for
over 70% of the total. Research has found that histologi-
cal type is an independent risk factor affecting progno-
sis [18]. As previously reported, adenocarcinoma is the
predominant histological type of early onset EC [19].
The results of this study showed that the histological
type was a prognostic factor for patients with early onset
EC, but not an independent prognostic factor based on
multifactorial analysis [20, 21]. Tumor grade also sig-
nificantly affects patient prognosis, with survival rates
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Table 2 Baseline demographic and clinicopathological characteristics with early-onset EC patients

Variables The training cohort The validation cohort Total cardinality P
No. (%) No. (%) No. (%)

Total 732 310 1042

Age (year) 0.001 0.98

<33 101 (13.8) 43(13.9) 144(13.8)

33-45 631(86.2) 267(86.1) 898(86.2)

Marital status 0.09 0.77

Married 354(484) 153(49.4) 507(48.7)

Other 378(51.6) 157(50.6) 535(51.3)

Race 5.19 0.07

White 433(59.2) 203(65.5) 636(61.0)

Black 43(5.9) 21(6.8) 64(6.2)

Other 256(34.9) 86(27.7) 342(32.8)

Histology 043 0.51

Adenocarcinoma 609(83.2) 263(84.8) 872(83.7)

Other 123(16.8) 47(15.2) 170(16.3)

Tumor size(cm) 0.58 045

<4 392(53.6) 174(56.1) 566(54.3)

>4 340(46.4) 136(43.9) 476(45.7)

Grade 043 093

Grade | 428(58.5) 184(59.4) 612(58.7)

Grade ll 191(26.1) 83(26.8) 274(26.3)

Grade Il 95(13.0) 36(11.6) 131(12.6)

Grade IV 18(2.4) 7(2.2) 25(2.4)

FIGO 0.49 092

| 528(72.1) 230(77.1) 758(72.7)

Il 57(7.8) 23(7.4) 80(7.7)

Il 111(15.2) 43(13.9) 154(14.8)

\% 36(4.9) 14(4.5) 50(4.8)

Radiotherapy 039 0.53

Yes 164(22.4) 75(24.2) 239(22.9)

No/Unknown 568(77.6) 235(75.8) 803(77.1)

Chemotherapy 2.09 0.15

Yes 141(19.3) 48(15.5) 189(18.1)

No/Unknown 591(80.7) 262(84.5) 853(81.9)

Surgery 1.00 0.67

Yes 725(99.0) 308(99.4) 1033(99.1)

No 7(1.0) 2(0.6) 9(0.9)

decreasing as the tumor loses differentiation. By includ-
ing 1,254 patients with stage I-II EC, Haley et al. showed
that tumor grade and lymphatic vascular infiltration
remained independent risk factors for prognosis in both
younger and older patients [22]. As shown in the nomo-
gram, tumor grade had a significant impact on prognosis
in this study. Marriage is thought to be associated with a
good prognosis in most cancers in women [23]. Unmar-
ried women with cancer are at higher risk of late diagno-
sis and poorer survival outcomes than married women
with cancer [24, 25]. The most frequent explanation is
that marital status not only affects the regulation of the
patient’s hormone levels but also has affects the patient’s
psychosocial well-being. Lower et al. [26] 2015suggested

that both marital status and relationship type are inde-
pendent prognostic factors for survival in patients with
EC. Our data showed that only half of the women were
married. Tumor stage is a recognized prognostic factor
for EC [27]. Higher staging suggests poorer prognosis.
Liang et al. [28] reported that patients with high-grade
EC were older than those with low-grade EC. A retro-
spective analysis by Pellerin et al. [20] found that 84.2%
of EC patients under 45 years of age presented with stage
L. However, by comparing the clinical characteristics and
outcomes of patients with EC aged 45 years and younger
with those aged 45 years and older, Evans-Metcalf et
al. found the same overall distribution of tumor stage
and survival in older patients compared with younger
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Table 3 Univariate and multivariate analysis of variables related to OS in the training cohort. (n=732)
Variables Univariate analysis Multivariate analysis

HR 95%Cl p-value HR 95%Cl p-value
Age
<33 Ref Ref
34-45 281 1.14-6.94 0.025 4.047 1.59-10.28 0.003
Marital status
Married Ref
Other 1.31 0.85-2.01 0218
Race
White Ref
Black 1.84 0.87-3.92 0.113
Other 1.39 0.89-2.17 0.150
Histology
Adenocarcinoma Ref Ref
Other 1.84 1.13-2.99 0014 093 0.55-1.56 0.773
Tumor size(cm)
<4 Ref Ref
>4 2.16 1.39-3.36 0.001 1.68 1.00-2.81 0.049
Grade
Grade | Ref Ref
Grade l 236 1.29-4.32 0.005 1.71 0.89-3.29 0.105
Grade lll 8.75 5.07-15.08 <0.001 393 1.98-7.79 <0.001
Grade IV 2217 10.40-47.26 <0.001 4.64 1.82-11.87 0.001
FIGO
I Ref Ref
Il 1.63 0.63-4.20 0316 1.21 0.44-3.35 0.714
1l 4.86 2.86-8.25 <0.001 324 1.47-6.30 0.003
vV 2740 15.97-47.97 <0.001 13.56 5.73-32.08 <0.001
Radiotherapy
Yes Ref Ref
No/Unknown 0.50 0.31-0.77 0.002 1.69 1.00-2.85 0.051
Chemotherapy
Yes Ref Ref
No/Unknown 0.15 0.10-0.24 <0.001 091 0.45-1.85 0.793
Surgery
Yes
No 2422 9.66-60.73 <0.001 13.16 4.54-38.18 <0.001

patients, a finding that contradicts several previous
reports [29]. The staging system is a traditional tool used
for assessing tumor prognosis. Most studies have shown
that stage is an independent prognostic factor in patients
with EC. TNM staging is the most widely accepted
tumor staging system, and we used the 6th edition of the
AJCC staging [30]. In this study, T-stage was an inde-
pendent risk factor for overall survival in early-onset EC,
and patients in T1 stage had a relatively good prognosis
in 82.2% of cases. Tumor location is also an important
factor in patient prognosis, with lymph node metastases
or distant tumor metastases indicating a poor progno-
sis. Surgery is the main treatment method for early onset
EC. Total Hysterectomy combined with bilateral tubal
oophorectomy is the standard treatment, which can be
performed by open or minimally invasive methods. The

indications for adjuvant therapy are mainly based on
clinical and pathological factors, such as age, grade, his-
tology, depth of muscle infiltration, and lymphatic space
infiltration [31]. Research has found that postoperative
radiotherapy can significantly reduce the risk of local
recurrence in women with moderate to high-risk EC
[32].

Informatics is widely recognized as a tool for clini-
cal research. Although the impact of different factors on
EC prognosis has been studied, this has been limited to
small-scale studies. To the best of our knowledge, this
is the first study to use the SEER database to create a
nomogram of overall survival in patients with early onset
EC. However, the current study has some limitations:
(I) Retrospective studies may lead to selection bias. (II)
The SEER database is from the US, and a large amount of
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Fig. 3 Nomogram for predicting 3-,5-, 8-and 10-year overall survival

Chinese data is required for further validation. (III) The
time period was 2004—2015, and we could only use the
6th edition of the AJCC.

Ultimately, our findings showed that younger patients
had a better prognosis than older patients with a higher
incidence of early- and low-grade disease. The stan-
dard treatment for patients with early onset EC is hys-
terectomy and bilateral salpingo-oophorectomy, with
or without lymph node dissection. However, with
socio-economic development and the implementation
of China’s ‘two-child’ policy, EC management can be
challenging for young women whose disease is mostly
confined to the endometrium, with no extra-uterine
metastases, and who have a strong desire to preserve
their uterus [33-35]. The safety and efficacy of initial
fertility-preserving treatment for patients with early
stage, highly differentiated EC are now well estab-
lished, and a more rigorous follow-up program must be
adopted.

In summary, using the SEER database, we identi-
fied the factors associated with survival in patients
with early onset EC, including age, marital status, race,

09 080706 04 0.20.1

histology, tumor size, grade, T stage, N stage, M stage,
radiotherapy, chemotherapy and surgery. The devel-
opment of the nomogram and use of a combination of
internal and external validations demonstrated the good
clinical applicability of the nomogram. A risk strati-
fication system was created based on the risk scores
generated by the nomogram. These findings may help
clinicians tailor individual treatment plans for patients
with early onset EC. However, further validation of our
findings is required in prospective multicenter stud-
ies. With the development of precision medicine, tra-
ditional pathological classification can no longer meet
the needs of clinical diagnosis and treatment. With the
emergence of molecular classification, it will promote
the combination of traditional pathological classifica-
tion and molecular classification, in order to compre-
hensively evaluate the prognosis of endometrial cancer
and effectively guide clinical treatment. As the main
direction for further research in the future, the devel-
opment of new fertility preserving treatment strate-
gies based on molecular typing characteristics requires
more and larger clinical trials.
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