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Objective: Existing prognostic models for endometrial cancer are short of facility and
effective validation. In this study, we aim to develop and validate a novel prognostic
model for endometrial cancer based on clinical characteristics.

Methods: The clinical data such as age, BMI (body mass index), FIGO stage, surgical
approach, myometrial invasion, grade, lymph node metastasis, pathology and menopause
status were collected for constructing and validating the prognostic model from The Cancer
Genome Atlas (TCGA) and Union Hospital, Tongji Medical College, Huazhong University
of Science and Technology, respectively. COX regression and the least absolute shrinkage
and selection operator (LASSO) COX were applied to identify the significant predictors of
overall survival (OS) and construct the prognostic model. The discrimination, calibration,
and clinical usefulness of the model were evaluated in both cohorts.

Results: Three hundred and sixty-seven and 286 EC patients were collected for training and
validation cohort, respectively. A clinical prognostic model integrating six clinical variables
including age, BMI, FIGO stage, surgical approach, myometrial invasion and grade was
established. K-M analysis shows a significant difference between the low- and high-risk
groups. The area under the receiver operating characteristic curve (AUC-ROC) was 0.775
(95% CI, 0.708 to 0.843) and 0.870 (95% CI, 0.758 to 0.982) for the training and validation
cohorts which indicating reliable discrimination. The calibration curve revealed excellent
predictive accuracy and the Hosmer—Lemeshow test also verified this. Decision curve
analysis (DCA) for the prognostic model indicated that it would add more benefits than
either the detect-all-patients scheme or the detect-none scheme. In addition, our model has
a superior AUC comparing with any single factor as predicting OS.

Conclusion: Our predictive model offers a convenient and accurate tool for clinicians to
estimate the prognosis of EC patients.
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Introduction

Endometrial carcinoma (EC), as the malignant epithelial tumors of the endome-
trium, is one of the three most common malignant tumors in the female reproduc-
tive system.! The incidence rate of EC is increasing” and shows a younger trend in
the past 20 years while 70—75% of the patients are postmenopausal women, with an
average age of 55 years.® At present, surgery is the first-line treatment for the
disease, while radiotherapy and chemotherapy are only used as adjuvant treatment.’

The 5-years overall survival of EC decreased dramatically when metastasis or

Received: 11 September 2021
Accepted: 17 November 2021
Published: 27 November 2021

Cancer Management and Research 2021:13 8879-8886 8879
© 2021 Yu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-7090-1750
mailto:hb_wang1969@sina.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Yu et al

Dove

relapse.® Therefore, it is imperative to find effective prog-
nostic characteristics of EC to instruct appropriate
management.

As we all know, the prognosis of EC is influenced by
age,7 BMI,&9 FIGO stage,10 and other clinical factors,11
but the exact degree of correlation is underdetermined. It is
also inappropriate to use a single factor to predict overall
survival due to the heterogeneity of EC patients.'>'*> Some
studies have constructed prognostic models for EC based
on clinical and transcriptome variables,'* but lack effective
external validation. We can conclude that the predictive
models based on transcriptomes have relatively better dis-
crimination and calibration rather based on clinical vari-
ables. However, it is inconvenient to apply the
transcriptome models to a large-scale population. For this
reason, through combining simple clinical indicators such
as age at diagnosis, BMI, grade, FIGO stage, surgical
approach, and myometrial invasion, we established
a personalized prognosis model for EC patients to obtain
predictive information.

In this study, we focused on the clinical variables
alterations of The Cancer Genome Atlas (TCGA) EC
patients to set up a complete prognostic model to predict
prognosis. In addition, we used multiple sets of clinical
data to verify the model and to prove its effectiveness,
which can provide a theoretical basis for the prognosis risk

assessment of EC patients.

Methods

Data Collection and Filtering

We reviewed two independent cohorts diagnosed with
EC which the primary cohort contains clinicopathologic
and survival information were derived from TCGA data-
base (https://gdc-portal.nci.nih.gov/) in Dec 2020 and the
validation cohort was retrospectively collected from

Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology between
Feb 2012 and Dec 2020. Patients were excluded from
this study for these reasons, i. the history of chemora-
diotherapy before surgery, ii. without follow-up informa-
tion, iii. incomplete clinical data. The variables selected
to be initially analyzed in the study were: age, BMI
(body mass index), FIGO stage, surgical approach, myo-
metrial invasion, grade, lymph node metastasis, pathol-
ogy and menopause status. This study was approved by
ethics committee of Tongji Medical College, Huazhong
University of Science and Technology (No. 2021-S046).

Development of the Prognostic Model
The 9 clinical indicators were firstly analyzed with uni-
variate Cox regression (the 2-sided Log rank test).
Multivariate Cox regression analysis (ain = 0.05, aout =
0.10) was applied for variables with a univariate Cox
regression P < 0.05. Those indicators were considered to
be risk factors when the hazard ratio (HR) greater than 1
and protective factors when less than 1.

Lasso Cox analysis found the clinical indicators that
were most correlated with overall survival to prevent over-
fitting and 10 rounds of cross-validation were performed.
The Lasso regression was run for 1000 times and ran-
domly stimulated for 1000 times for each cycle. The risk
score was then calculated for each patient based on the
clinical indicators. The formula is as follows:

Risk score = i coef clinical indicators
i=1

The median value of risk score was considered as the
cut-off point to distinguish the high-risk group from the
low-risk group. To provide clinicians a convenient quanti-
tative prognostic model, we constructed the nomogram on
the basis of filtered variables. In addition, Kaplan—-Meier
survival analysis was used to compare the survival differ-
ences between different risk groups in the two cohorts.

Validation of the Prognostic Model

For the discrimination validation, we calculated the areas
under the time-dependent ROC curves (AUC-ROC) of the
prognostic models. Regarding to calibration, the calibra-
tion curve was constructed. We performed Hosmer—
Lemeshow test to evaluate the calibration of the prognostic
model. Finally, decision curve analysis (DCA) was used to
explore the clinical net benefit of the nomogram.

Statistical Analysis

Statistical analysis was processed by R version 4.0.5
(Institute for Statistics and Mathematics, Vienna, Austria;
https://www.r-project.org). (Packages: survival, glmnet, rms,

survival ROC). The continuous variables were transformed
into binary variables as shown in Table 1 and Table S1 and
subsequently described in terms of counts and percentages.
P < 0.05 was considered statistically significant.

Results

The Clinical Characteristics of Patients
We eventually obtained 367 and 286 EC patients for the
training and validation cohorts respectively after quality
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Table 1 The Clinical Characteristics of EC Patients in the Training Cohort

Variables N(%) Univariate Cox Multivariate Cox
HR (95% CI) P-value HR (95% CI) P-value

Age

<60 121(33.0) Reference

260 246(67.0) 1.584(0.866—2.898) 0.136

BMI

<30 146(40.0) Reference

230 221(60.0) 1.421(0.826-2.443) 0.204

FIGO

| 235(64.0) Reference Reference

Il 31(84) 0.339(0.046-2.525) 0.291 0.233(0.031-1.751) 0.157

n 82(22.4) 5.041(2.956-9.866) <0.001 4.114(2.163-7.823) <0.001

v 19(5.2) 8.238(3.807-17.830) <0.001 9.012(1.712-47.442) 0.009

Surgical approach

Minimally invasive 154(42) Reference

Open 213(58) 0.837(0.492—1.424) 0512

Myometrial invasion

<50% 200(54.5) Reference Reference

250% 167(45.5) 2.161(1.262-3.699) 0.005 1.441(0.809-2.567) 0.215
Grade

| 73(19.9) Reference Reference

2 88(24.0) 10.739(1.385-83.274) 0.023 9.789(1.256-76.308) 0.029
3 206(56.1) 19.058(2.627-138.244) 0.004 11.581(1.564-85.756) 0.016

Lymph node metastasis

Yes 68(18.5) Reference

No 299(81.5) 1.607(0.887-2.910) 0.118
Pathology

EAC 277(75.5) Reference

NEAC 90(24.5) 1.041(0.570-1.901) 0.895

Menopause status

Pre 28(7.6) Reference Reference

Post 339(92.4) 0.253(0.133-0.481) <0.001 .560(0.3666.642) 0.548

Abbreviations: EC, endometrial cancer; BMI, body mass index; FIGO, international federation of gynecology and obstetrics; EAC, endometrial adenocarcinoma; NEAC,
non-endometrial adenocarcinoma.
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control as mentioned above. The clinical characteristics of
enrolled EC patients in training and validation cohort are
shown in Table 1 and Table S1. Univariate Cox propor-
tional hazards regression and subsequent multivariate
regression were used to calculate the clinical variables in
the training and validation cohort. FIGO stage, myometrial
invasion, grade and menopause status were identified as
risk factors (HR > 1) for prognosis in both cohorts while
multivariate analysis indicating distinct indicators.

Identifying Variables and Construction of

Prognostic Model

To prevent over-fitting, lasso Cox analysis was used to iden-
tify variables that were most correlated with overall survival
(Figure 1A) and 10 rounds of cross-validation were further
performed to determine the optimal value of the penalty
parameter (Figure 1B). A cox proportional hazards model
was established based on 6 variables after lasso regression
analysis. The risk score in our prognostic model was a sum of
each feature after weighted and the formula was as follows:
risk score = 0.275 (if age >60 years old) + (0.623 * FIGO
stage) + 0.283 (if BMI >30 kg/mz) - 0.216 (if the surgical
approach was open) + 0.235 (if myometrial invasion >50%)
+ (0.525 * grade). In addition, we enrolled the above vari-
ables and presented as the nomogram to visualize the prog-
nostic model (Figure 2). The K-M analysis was also show
that the survival time were extremely discrepant between two
risk groups in the training and validation cohorts (Figure SIA
and B). This indicates the excellent predictive power of the

prognostic model.

Validation of the Prognostic Model

To validate the prognostic model, we calculated the discri-
mination and calibration of the prognostic models in both
cohorts. For internal validation, the ROC curve yielded an
AUC of 0.775 (95% CI, 0.708 to 0.843) (Figure 3A). The
calibration curve of the prognostic model for the probability
of 1, 3, 5-yr survival showed no deviations between predic-
tion and observation in the training cohort (Figure 4A—C)
and the Hosmer—Lemeshow test showed that there were no
departure from perfect fit (P = 0.725). For independent
validation, the AUC was 0.870 (95% CI, 0.758 to 0.982)
(Figure 3B) which indicating a great discriminative ability.
The calibration curve also revealed excellent predictive
accuracy (Figure 4D-F) and the Hosmer—Lemeshow test
revealed there was non-significant statistic (P = 0.793).

Clinical Application

Decision curve analysis (DCA) for the prognostic model
was performed in the training and validation cohorts
(Figure 5A and B) to identify the clinical utility via calculat-
ing the net benefits at different threshold probabilities. The
net benefit was quantified by subtracting the proportion of
patients who are false positive from true positive. The black
and blue lines represent two extreme conditions, the former
indicating that all samples are negative and the net benefit is
0, the latter indicating that all samples are positive, and the
net benefit is a negative anticline. We can conclude that the
prognostic model would add more benefit than either the
detect-all-patients or the detect-none scheme. ROC curves of
1, 3, 5-yr were also conducted in both cohorts to verified the
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Figure | Identifying the prognostic variables of the overall survival (OS) using the Least absolute shrinkage and selection operator (LASSO) COX. (A) LASSO coefficients of
the whole factors included into analysis. (B) Tuning parameter identification using the minimum criteria. The dotted vertical line was drawn at the optimal value choose by
the 10-fold cross-validation based on the minimum criteria (the smallest partial likelihood deviance).
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Figure 2 Nomogram that predicts the overall survival (OS) of EC patients.
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specificity and sensitivity of our model (Figure S2A and B).
In addition, the prognostic model has the maximal AUC
comparing with individual variable in both cohorts which
indicating a better predictive ability (Figure S2C and D).

Discussion

It is of great importance to obtain the prognostic informa-
tion before starting treatment. At present, researchers have
been searching for EC prognosis-related clinical variables
and establishing EC prognostic prediction model with
higher accuracy to provide better clues for evaluating
reliable individualized prognosis, thereby improving the
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Figure 3 Receiver operating characteristic (ROC) curve of the prognosis model in each cohort. (A) represent ROC curve of our prognosis model in the training cohort;

(B) represent the ROC curve of model in the validation cohort.
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Figure 5 Decision curve analyses of the model predicting overall survival (OS) at |-, 3- and 5-yr. X-axis shows different thresholds. Y-axis represents the net benefit. Net
benefit was counted as summing the true positives and subtracting the false positives. The black horizontal line assumes that no patients died whereas the blue line assumes
all cases dead. (A and B) represent the decision curve of our nomograms in the training and validation cohort.

overall survival of EC patients.'>'® Previous studies have
shown that the clinical variables related to the prognosis of
EC include pathological grade, pathological stage, FIGO
stage, age at diagnosis, degree of muscular invasion, vas-
cular tumor thrombus, and lymph node metastasis.'” °
Our study used lasso Cox analysis and identified 6 factors
that were most related to EC prognosis, including the age
at diagnosis, BMI, grade, FIGO stage, surgical approach,
and myometrial invasion, after acquiring the clinical data
of EC patients from the TCGA database. Based on the
above 6 variables, a cox proportional hazards model was
established. The risk score in our prognostic model was
a sum of each feature after weighted and the formula was
as follows: risk score = 0.275 (if age >60 years old) +
(0.623 * FIGO stage) + 0.283 (if BMI >30 kg/m2) - 0.216
(if the surgical approach was open) + 0.235 (if myometrial
invasion >50%) + (0.525 * grade). After that, we enrolled
the above variables and presented them as the nomogram
to visualize the prognostic model. The K-M analysis also
showed that the survival time was extremely discrepant
between two risk groups in the training and validation
cohorts, which indicated the excellent predictive power
of the prognostic model.

It is well acknowledged that the age of initial diagnosis
has been proved to be associated with EC prognosis.”’
Furthermore, recent studies have indicated that BMI*?
and pathological grade are also effective predictors for
EC.> A retrospective study elucidated that morbidly
obese women had higher mortality rates compared with
women with a normal BMI while a systematic review
found that the progression-free survival and disease-
specific mortality were not associated with obesity.***
Also, some evidence has indicated that the FIGO stage
not only acts as a guideline for treatment, but also has
great potentials as an indicator for prognosis.®® In the past

decades, surgical approaches were under controversy all
the time. Ramirez et al and Melamed et al have elucidated
that the benefits for cervical cancer patients who under-
went open surgery were more than minimally invasive
surgery.”’*® With regard to EC patients, the effects on
the prognosis of surgical approaches are also underdeter-
mined. A comprehensive meta-analysis including 4389 EC
patients has indicated that the OS and DFS show no
significant between and

difference laparoscopy

o invasive

laparotomy.”” However, minimally surgical
approach has its strength for reducing blood loss, length
of hospital stay, and the incidence and severity of surgical
complications.”® Long-term follow-up and large-scale
cases are necessary to determine which surgical approach
has a better prognosis. Additionally, myometrial invasion
is also an independent variable for the prognostic outcome
of EC.>'?

Numbers of studies have established different prog-
nostic models based on clinical and transcriptome char-
acteristics for EC patients. Deng et al identified 28 EC
prognosis-related RNAs and constructed a reliable prog-

nostic model.'*

And Fan et al thoroughly investigated
the implications of metabolism-related genes in endome-
trial cancer progression.”®> While those models based on
transcriptome have reliable discrimination and calibra-
tion, it is not universal to apply them in clinical prac-
tice. Based on this, the prognostic models on the
strength of the clinical variables perform superior con-
venience and EC patients do not need redundant exam-
ination such as molecular diagnosis or genomic
sequence. Moreover, we provided a simple nomogram
to visualize the model so that clinicians could employ it
handily. Its simplicity will allow clinicians to quickly
evaluate survival outcomes and make optimal decisions

about individual EC patients. Even individuals without
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a medical background can easily read the meaning of
our nomogram. Those features will make our model an
accurate and feasible tool for clinicians and EC patients
to get the prognosis information in advance.

There are also some limitations in our study. First
of all, it owns the weakness of retrospective studies.
Second, TCGA data lacks more comprehensive clinical
information such as specific treatment schedules which
may have an impact on the prognosis. Next, our model
does not include patient race which in some studies has
been suggested as an important prognostic factor.** In
addition, the single-center derived validation cohort is
also insufficient to verify our prognostic model.
Overall, our study performed a convenient and reliable
tool for clinicians to estimate prognosis and choose an
optimal therapeutic schedule.

Conclusion

In conclusion, our predictive model integrating several
routine clinical variables offers a convenient and accurate
tool for clinicians to estimate the prognosis of EC patients.
Additionally, we used multiple sets of clinical data to
verify the model and to prove its effectiveness which can
provide a theoretical basis for the prognosis risk assess-
ment of EC patients.
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