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Background: Endometrial cancer (EC) is an epithelial malignancy occurring in the endometrium, with a
S-year mortality rate of above 10%. However, there is currently a lack of studies exploring the potential of a
predictive model of tumor-specific death after surgery in these patients.

Methods: From January 2015 to December 2017, data related to 482 patients with EC admitted to the
Dushu Lake Hospital Affiliated to Soochow University were analyzed. Patients were divided into death (n=62)
and survival (n=420) groups according to whether tumor-specific death occurred at 5 years postoperatively
or not. The clinical characteristics of the two groups were compared, and the risk factors for tumor-
specific death in patients with EC 5 years after surgery were investigated by logistics regression analysis. A
nomogram prediction model was established according to the relevant risk factors.

Results: Tumor size, Ki-67 positive rate, Federation International of Gynecology and Obstetrics (FIGO)
stage, and the rate of vascular tumor thrombus between the two groups (P<0.05) were found to be the
statistically significant factors. Positive Ki-67, tumor size >3.35 cm, stage III, and vascular tumor thrombus
were factors that influenced the tumor-specific death at 5 years after surgery (P<0.05). The predictive model
obtained an area under the receiver operating characteristic (ROC) curves in the training and verification
sets of 0.847 [95% confidence interval (CI): 0.779-0.916] and 0.886 (95% CI: 0.803-0.969), respectively.
Conclusions: The nomogram prediction model, which was established in this study, was proved to be
valuable in predicting tumor-specific death 5 years after the surgery in patients with EC.
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Introduction

Endometrial cancer (EC) is a type of epithelial malignancy
that occurs in the endometrium, with a 5-year tumor-specific
mortality rate of 10-30% (1-3). Accurately identifying the
high risk EC patients who are likely to experience tumor-
specific death within 5 years after surgery can provide a solid
theoretical basis for implementing effective management
strategies for such patients. Risk factors for poor prognosis
in patients with EC have been explored, and the study from
Brasky er al. showed that the use of non-steroidal anti-
inflammatory drugs (NSAIDs) is associated with higher
mortality (1). Tubal ligation has also been found to be
associated with a poor prognosis of patients with EC (2).

A previous study showed that age, ethnicity, marital
status, Federation International of Gynecology and
Obstetrics (FIGO) stage are independent factors influencing
the prognosis of patients with EC. A predictive model was
also established based on the relevant risk factors, which
showed good accuracy in assessing the prognosis of patients
with EC (3). Another study involving patients with type 11
EC (endometrial serous papillary adenocarcinoma) showed
that age, marital status, tumor size, tumor node metastasis
(TNM) stage, surgery, radiotherapy, and chemotherapy are
independent factors affecting prognosis (4).

However, in clinical practice, more attention is given to
the prognosis of patients with early- and intermediate-stage
EC who receive surgical treatment. Thus, it is necessary to
explore the risk factors for tumor-specific death in patients
with EC at 5 years postoperatively. In the present study, we
aimed to identify the risk factors of tumor-specific death
after surgery and to establish and validate a postoperative
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® The nomogram prediction model, which was established in this
study, was proved to be valuable in predicting tumor-specific death
5 years after the surgery in patients with endometrial cancer (EC).
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¢ EC s an epithelial malignancy occurring in the endometrium, with
a 5-year mortality rate of above 10%.
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¢ Identifying the high risk group of tumor-specific death in patients
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tumor-specific death prediction model for patients with EC.
We present this article in accordance with the TRIPOD
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-1959/rc).

Methods
General information

From January 2015 to December 2017, clinical data of 482
patients with EC, who were admitted to the Dushu Lake
Hospital Affiliated to Soochow University, were analyzed.
The patients were divided into death (n=62) and survival
(n=420) groups according to whether tumor-related death
occurred within 5 years postoperatively. The inclusion
criteria were as follows: (I) diagnosis of EC (based on
postoperative biopsy); (II) age >18 years old; (III) surgical
treatment performed at the Dushu Lake Hospital Affiliated
to Soochow University; (IV) stage of the FIGO: I-III; and
(V) availability of complete clinical data. Patients were
excluded based on the following criteria: (I) concomitant
presence of other malignant tumors, such as gastric cancer;
(II) perioperative death; and (III) lost to follow-up. This
retrospective clinical study was performed in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the ethics committee of Dushu Lake
Hospital Affiliated to Soochow University (No. 20200048)
and was exempt from the requirement to obtain informed
consent due to the retrospective nature of this study.

Treatment

According to the treatment guidelines for EC (5), all patients
received an accurate preoperative examination after admission
and underwent surgical treatment. Pelvic and paraaortic
nodes, bilateral salpingo-oophorectomy and retroperitoneal
lymph node resection were performed when it was deemed
necessary. Adjuvant therapy, such as radiotherapy and
chemotherapy, was decided according to the pathological
results after surgery. Postoperative follow-up was conducted
through outpatient visits and, eventually, by telephone.

Data collection

Patient data including age, body mass index (BMI),
marital status, history of smoking, history of alcoholism,
hypertension, diabetes, hyperlipidemia, carbohydrate
antigen 125 (CA125), Ki-67 (the standard of positive Ki-67:
Ki-67 >20%), tumor size, FIGO stage (2018 version), EC
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Endometrial carcinoma patients received surgery (n=588)

Exclusion (n=106)

¢ Distant metastasis (n=7)

¢ Combined with other malignant tumors (n=6)
o Perioperative death (n=3)

e Lost follow up (n=90)

n=482

Y

Death group (n=62)

Figure 1 Flow chart of inclusion in this study.

type, tumor cell differentiation, vascular tumor thrombus
(vascular tumor thrombus: malignant tumor cells invaded
the blood vessels or lymphatic vessels, resulting in tumor
thrombus that representing poor prognosis), postoperative
radiotherapy, postoperative chemotherapy and postoperative
S-year tumor-specific mortality were collected.

Statistical analysis

SPSS26.0 (IBM, Chicago, IL, USA) was used to complete
the data analysis, and P<0.05 indicated that differences were
statistically significant (two-tailed). The measurement data
of the two groups were expressed by the mean + standard
deviation, and an independent sample #-test was used to
analyze the differences. The count data of the two groups
were expressed by n (%), and the Chi-squared test was
used to analyze the differences. The risk factors of tumor-
specific death were studied using the multivariate logistics
regression analysis. The receiver operating characteristic
(ROC) curve was used to study the predictive value of
different indexes on tumor-specific death. R4.0.3 statistical
software (R Development Core Team) was used to construct
the prediction model.

Results
Comparison of the clinical features between the two groups

The flow chart of EC patient inclusion in this study is
shown in Figure 1. Statistically significant differences were
found in tumor size, positive Ki-67 rate, FIGO stage,

!

Survival group (n=420)

and the rate of vascular tumor thrombus between the
two groups (P<0.05) (see Table I).

The value of tumor size in predicting tumor-specific
death 5 years after surgery in patients with EC.

Tumor size was valuable for predicting tumor-specific
death with an area under the curve (AUC) of 0.754 [95%
confidence interval (CI): 0.696-0.812, P<0.001]. The
optimal diagnostic cut-off was 3.35 cm, for which the
sensitivity and specificity were 0.694 and 0.621, respectively
(see Figure 2).

Risk factors of tumor-specific death 5 years after surgery.

The presence of immunohistochemical positivity of
Ki-67, a tumor size >3.35 cm, FIGO stage III disease, and
vascular tumor thrombus were factors that influenced the
tumor-specific death (P<0.05) (see Table 2).

Establishment and validation of a tumor-specific death
prediction model for patients with EC 5 years after surgery.

The dataset of patients was randomly divided into training
and validation sets, consisting of 337 and 145 samples,
respectively. According to the risk factors mentioned above,
the nomogram prediction model was constructed. The
AUCs of the ROC curve of the training and validation
sets were 0.847 (95% CI: 0.779-0.916) and 0.886 (95%
CI: 0.803-0.969), respectively. In the validation set, the
model was tested with Hosmer-Lemeshow Goodness-of-Fit
achieving a Chi-squared value of 5.711 and a P value of 0.680
(see Figures 3-6).

Discussion

In the present study, we found that positive Ki-67, tumor
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Table 1 Comparison of the clinical features between the two groups

Variables Death group (n=62) Survival group (n=420) t/y? value P value
Age (years) 60.89+10.48 59.98+11.66 0.581 0.561
Body mass index (kg/m?) 25.05+3.48 24.45+3.33 1.335 0.183
Marital status 1.733 0.630
Unmarried 1(1.61) 9(2.14)
Married 43 (69.35) 288 (68.57)
Divorce 12 (19.35) 62 (14.76)
Widowed 6 (9.68) 61 (14.52)
History of smoking 8 (12.90) 50 (11.90) 0.051 0.822
History of alcoholism 4 (6.45) 35 (8.33) 0.257 0.612
Hypertension 10 (16.13) 62 (14.76) 0.079 0.778
Diabetes 5 (8.06) 30 (7.14) 0.068 0.794
Hyperlipidemia 16 (25.81) 102 (24.29) 0.068 0.795
CA125 (IU/L) 22.34+£13.27 21.80+13.26 0.296 0.767
Positive Ki-67 12.782 <0.001
Yes 37 (59.68) 151 (35.95)
No 25 (40.32) 269 (64.05)
Tumor size (cm) 4.01+1.05 2.85+1.21 7.121 <0.001
Tumor size >3.35 cm 43 (69.35) 159 (37.86) 22.016 <0.001
FIGO stage 56.612 <0.001
Stage | or Il 41 (66.13) 399 (95.00)
Stage IlI 21(33.87) 21 (5.00)
Endometrial cancer type 0.013 0.910
| type 32 (51.61) 220 (52.38)
Il type 30 (48.39) 200 (47.62)
Tumor cell differentiation 2.202 0.138
Low 21 (33.87) 105 (25.00)
Medium to high 41 (66.13) 315 (25.00)
Vascular tumor thrombus 52.422 <0.001
Yes 18 (29.03) 16 (3.81)
No 44 (70.97) 404 (96.19)
Postoperative radiotherapy 54 (87.10) 312 (74.29) 2.662 0.103
Postoperative chemotherapy 29 (46.77) 154 (36.67) 2.343 0.126

Data are shown as mean + standard deviation or n (%). CA125, carbohydrate antigen 125; FIGO, Federation International of Gynecology
and Obstetrics.
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Figure 2 The value of tumor size in predicting the tumor-specific

death at 5 years after surgery.

Table 2 Risk factors of tumor-specific death at 5 years after surgery
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size >3.35 cm, stage III, and vascular tumor thrombus were
factors that influenced the tumor-specific death (P<0.05).
Ki-67 is a proliferating cell-related antigen that is closely
related to mitosis and cell proliferation. Therefore, Ki67
is mainly used to label cells in the proliferation cycle, and
a higher Ki-67 positive rate indicates more rapid tumor
growth, signifying worse tissue differentiation and poor
prognosis (6). Previous studies in patients with EC have
confirmed that high Ki-67 expression is a risk factor for
poor prognosis, which is consistent with the findings of the
present study (6-9). Studies have also shown that tumor
diameter is related to deep muscular invasion, lymph node
metastasis, and lymphovascular space invasion, suggesting
that increased tumor diameter represents also a factor
leading to poor prognosis (10-12). The FIGO stage is
a more widely used and authoritative staging system;
according to stage III of the disease, the tumor has invaded

Variables B value Standard error Wald value P value Relative risk (95% ClI)
Positive Ki-67 0.690 0.324 4.550 0.033 1.994 (1.058-3.760)
Tumor size >3.35 cm 1.381 0.339 16.612 <0.001 3.979 (2.048-7.731)
Stage llI 2.473 0.400 38.137 <0.001 11.857 (5.409-23.992)
Vascular tumor thrombus 2.706 0.440 37.787 <0.001 14.966 (6.316-35.465)
Constant -10.743 1.435 56.079 <0.001 0.000
Cl, confidence interval.
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Figure 3 Nomogram of a tumor-specific death prediction model at 5 years after surgery. FIGO, Federation International of Gynecology

and Obstetrics.
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Figure 4 Calibration curve of the tumor-specific death prediction
model.

the uterine serosal layer or fallopian tubes. For these
patients, the rate of postoperative recurrence and distant
metastasis is high, even with aggressive surgical treatment,
ultimately worsening the patient’s prognosis (13,14). When
the tumor thrombus enters the blood or lymphatic vessels,
vascular tumor thrombus may lead to lymph node metastasis
and, also, distant metastasis (15,16). In pathology, a vascular
tumor thrombus is used as an important biological indicator
to evaluate the degree of malignancy and is an important
marker of recurrence and prognosis. Moreover, studies
have confirmed that it is also a risk factor for lymph node
metastasis (17,18).

At the same time, we also established a nomogram
prediction model to more intuitively identify the high risk
group of tumor-specific death in patients with EC 5 years
after surgery and found that the predictive model was
reliable. Nomogram predictive models can accurately
identify the high risk group of poor prognosis in a variety of
diseases (13,19-22). Some authors have discussed on the role
of nomogram predictive models in evaluating patients with
EC and found that predictive models have good evaluation
value (3,4). The present study differed from the previous
studies by focusing on EC patients who received surgical
treatment. The management model, such as surgery and
radiochemotherapy, for patients in the present study was
more unified. Exploring the prognosis of various diseases is
the focus of current research (23-26), therefore, the present
study is valuable.

© Translational Cancer Research. All rights reserved.
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Limitations and strengths of the study

The limitations of this study included the fact that this
was a retrospective clinical study with a relatively small
number of events (deaths). Previous studies have confirmed
that the Radiomics and Molecular Classification were
associated with the prognosis (27,28). However, due to
the limitations of the retrospective study, some indicators
such as Radiomics and Molecular Classification were not
included in the present study. The strengths of this study
included that the nomogram prediction model established
in the present study was valuable in its capability to
accurately predict tumor-specific death and its differences
with previous studies.

Conclusions

The nomogram prediction model established in the present
study is valuable in its capability to accurately predict
tumor-specific death. Identifying the high risk group of
tumor-specific death with this model may be beneficial
for improving patient outcomes by strengthening the
management of this population; however, further clinical
studies are needed.
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