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Background: The purpose of this study was to establish a nomogram combining
classical parameters and immunohistochemical markers to predict the recurrence of
patients with stage I-II endometrial cancer (EC).

Methods: 419 patients with stage I-II endometrial cancer who received primary surgical
treatment at the First Affiliated Hospital of Chongqing Medical University were involved in
this study as a training cohort. Univariate and multivariate Cox regression analysis of
screening prognostic factors were performed in the training cohort to develop a
nomogram model, which was further validated in 248 patients (validation cohort) from
the Second Affiliated Hospital of Chongqing Medical University. The calibration curve was
used for internal and external verification of the model, and the C-index was used for
comparison among different models.

Results: There were 51 recurrent cases in the training cohort while 31 cases in the
validation cohort. Univariate analysis showed that age, histological type, histological
grade, myometrial invasion, cervical stromal invasion, postoperative adjuvant treatment,
and four immunohistochemical makers (Ki67, estrogen receptor, progesterone
receptor, P53) were the related factors for recurrence of EC. Multivariate analysis
demonstrated that histological type (P = 0.029), myometrial invasion (P = 0.003),
cervical stromal invasion (P = 0.001), Ki67 (P < 0.001), ER (P = 0.009) and P53
expression (P = 0.041) were statistically correlated with recurrence of EC. Recurrence-
free survival was better predicted by the proposed nomogram with a C-index of 0.832
(95% CI, 0.752–0.912) in the training cohort, and the validation set confirmed the finding
with a C-index of 0.861 (95% CI, 0.755–0.967).

Conclusion: The nomogram model combining classical parameters and
immunohistochemical markers can better predict the recurrence in patients with FIGO
stage I-II EC.
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INTRODUCTION

Endometrial cancer (EC) is a common malignant tumor in
gynecology. The five-year overall survival (OS) rate is about
80%, because the majority of the patients are diagnosed at an
early stage (80% in stage I) (1). However, the 5-year overall
survival rate of endometrial cancer varies greatly in different
stages: 50–65% for stage III and 20–25% for stage IV (2); while
for stage I-II, only about 15% of patients would relapse because
the lesion is limited to the uterus (3), so the 5-year OS of them is
high (75–90%). Even so, relapse is still one of the leading causes
of death of EC patients (4).

At present, most of the current models for predicting the
recurrence of EC are based on classical clinicopathological
parameters (5). For example, Lobna Ouldamer developed a
nomogram model based on age, FIGO stage, histological type
and grade, lymphatic vessel space invasion (LVSI), and surgical
nodal staging to predict poor prognosis of patients with stage I~III
EC (4); Recently, Kenta Takahashi et al. established a scoring
system to assess the risk of recurrence of stage I-II EC based on
age, pathological type, cervical stromal invasion, peritoneal
cytology (6). However, research proves that such models can
still be optimized by adding other predictive indicators (7).

Recent years, immunohistochemical markers have been widely
used in clinical practice. In breast cancer, the cut-off value of the
immunohistochemical marker Ki67 has become one of the
important prognostic indicators (8), and recently a scoring
system combining ER, PR, HER2, and Ki67 has been developed
as an auxiliary tool for clinical prognosis management of breast
cancer (9). Similarly, in endometrial cancer, immunohistochemical
markers Ki67, ER, PR and P53 are also commonly used as
prognostic indicators (10). For example, Varol Gülseren recently
proposed to use the combined ratio of the two groups of the
immunohistochemical markers ([P53 + Ki67]/[ER + PR]) to
predict the lymph node metastasis of endometrial cancer (11);
Louis J.M. suggested that adding estrogen receptor, progesterone
receptor, and L1 cell adhesionmolecule expression to the histology-
based endometrial cancer recurrence prediction models (7).
However, at present, models involving the immunohistochemical
makers for predicting the recurrence of endometrial cancer are still
very rare (7, 12). In this study, we developed a model to predicting
the recurrence-free survival (RFS) in FIGO stage I-II EC with a
combination of conventional clinicopathological factors and
immunohistochemical markers.
MATERIAL AND METHODS

Study Population
This retrospective cohort study was approved by the Ethics
Committee of Chongqing Medical University. The data of
patients with endometrial cancer who underwent primary
Abbreviations: EC, endometrial cancer; ER, estrogen receptor; PR, progesterone
receptor; LVSI, lymphatic vessel space invasion; RFS, recurrence-free survival; OS,
overall survival; FIGO, International Federation of Gynecology and Obstetrics;
ROC, Receiver Operating Characteristic; TCGA, The Cancer Genome Atlas.
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surgical treatment between October 2013 and May 2018 at the
First Affiliated Hospital of Chongqing Medical University and the
Second Affiliated Hospital of Chongqing Medical University were
retrospectively analyzed. The inclusion criteria were as follows: 1.
Patients diagnosed with stages I–II EC according to the
International Federation of Gynecology and Obstetrics (FIGO)
2009 guidelines (13); 2. Patients with complete case record
including age, body mass index (BMI), comorbidities
(hypertension or diabetes), surgical procedures, pathological
results (histologic type and grade, depth of myometrial invasion,
cervical stromal invasion), four immunohistochemical makers
(Ki67, ER, PR, P53), postoperative adjuvant treatment; while the
exclusion criteria were as follows: 1. Patients did not follow the
standard surgical treatment (4); 2. Pathological analysis indicated
endometrial sarcoma; 3. Patients with other malignancies; 4.
Patients received chemotherapy or radiotherapy before surgery;
5. Patients without regular follow-up (14).

Treatment and Follow-Up
All patients underwent at least abdominal total hysterectomy and
bilateral salpingo-oophorectomy, with or without nodal staging
(sentinel lymph node ± pelvic±-para-aortic lymphadenectomy) (4),
then supplemental radiotherapy or even combined with
chemotherapy would be considered when patients accompany with
the following high-risk factors: poor pathological classification, older
age (especially >60 yrs), extensive LVSI, and deeper myoinvasion
(>50%), cervical stromal invasion, tumor diameter >2 cm, etc. The
specific regimens and cycles of radiotherapy and chemotherapywere
determined by multidisciplinary discussion and international
guidelines (15, 16). Radiotherapy was usually applied within three
months after surgery (most patients’ vaginal stump wounds had
healed well at this time); chemotherapy was generally started within
twoweeks after surgery if thepatients recoveredwell after surgery, the
interval between each chemotherapy cycle was 21 days.

Follow-up visits were performed every 3 months for the first 2
years, every 6 months for the following 3 years, and once a year
thereafter. All the patients were followed up from the day of
surgery onwards, follow up care plans included regular physical
examinations and necessary auxiliary checks (17). Because most
relapsed patients were concentrated within two years after
surgery, except for a very few patients who died due to relapse
or other diseases during follow-up, the remaining patients have
been followed up for more than two years. The follow-up
deadline was June 2020.

Recurrence
Recurrence was considered if lesions were confirmed by physical
examination, histological examination, or images, including CT,
MRI, ultrasonography, bone scintigraphy, FDG-PET or specific
X-ray (17). The locoregional recurrence was defined as vaginal or
intrapelvic recurrence, while distant recurrence included upper
para-aortic lymph node metastasis, abdominal metastasis, and
metastasis to other organs (6). The recurrence-free survival (RFS)
was defined as the time between date of complete surgical removal
of the malignancy and either date of (histological or radiological
confirmed) recurrence (18). The overall survival (OS) was defined
as time from primary surgery to death as a result of any cause (17).
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Histology
All postoperative specimens were processed with the same
standard in the department of Pathology (19). Briefly, samples
were made into formalin-fixed, paraffin-embedded specimens.
H&E staining was used to confirm which parts were cancerous.
The histological type, histological grade, lesion size, lesion
infiltration range were initially judged by the primary
pathologist of the center, and reviewed by the superior
physician. The histological types was difined as follows: type I
was defined as G1 and G2 endometrioid adenocarcinoma, while
the type II was defined as G3 endometrioid adenocarcinoma and
non-endometrioid adenocarcinoma including serous carcinoma,
clear cell carcinoma and other histotypes (6).

Immunohistochemistry
The immunohistochemistry of ER, PR, Ki57 and P53 was
performed on an automated immunostainer(Leica Bond-Max,
Milton Keynes, UK). The immunohistochemical results of ER,
PR, Ki57 and P53 were independently evaluated by two
experienced pathologists at first, and then recorded as the
percentage of positively stained tumor cells (0–100%).
Pathologists’assessment for the proportion of positive tumor
cells were considered to be consistent if the proportion differed
no more than 10%; if the initial assessment of the proportion
differed more than 10%, then the results were re-evaluated
(unblinded) and a consensus reached. The two pathologists’
results for proportion were finally averaged to represent the
final result of the proportion of positive tumor cells (20).

At present, many studies have shown that the decreased
expression of ER and PR, the increased expression of Ki67
index were related to the poor prognosis of endometrial cancer
(21), but ER, PR and Ki67 all lack recognized thresholds of
positive ratios in endometrial cancer, and related literature
reported that dichotomous ER and PR status offered no
additional prognostic value to established clinicopathologic
prognostic factors (20), so in this study, the results of ER, PR
and Ki67 were expressed as continuous variables (percentage of
positive rate 0–100%) instead of dichotomous variables(positive
or negative).

According to the 3-tier system for P53 immunohistochemistry
interpretation (22): the overexpression (the proportion of positive
tumor cells ≥75%) and complete absence(the proportion of
positive tumor cells was 0%) both considered as abnormal
(aberrant/mutation-type), in contrast to the normal (wild-type)
pattern with p53 expression levels in between these extremes
(0–75%).
Statistical Analysis
Patients from the First Affiliated Hospital of Chongqing Medical
University were used to construct the prediction model. Another
group of patients from the Second Affiliated Hospital of
Chongqing Medical University were collected as external
validation cohort. The balance and consistency between
training cohort(n=419) and validation cohort(n=248) were
tested: categorical data were analyzed using chi-square test and
Fisher’s exact test; continuous data were analyzed using Student’s
Frontiers in Oncology | www.frontiersin.org 3
t-test and rank sum test. P values less than 0.05 were considered
as statistically significant different.

In the training set, all the factors were put into the univariate
Cox regression to analyze their correlation with recurrence of
EC. Then the factors with P value less than 0.05 were included in
the multivariate Cox regression and hazard ratios of each factors
were calculated. Through the multivariate Cox regression
analysis, the factors with P value less than 0.05 were selected to
develop a nomogram model by R software. The Receiver
Operating Characteristic (ROC) curve and the Youden Index
(Youden index = sensitivity + specificity -1) were used to find an
optimal threshold of the 3-year recurrence-free survival rate
calculated by the nomogram (23). According to the optimal
threshold, the patients in validation set were further divided into
high-RFS group and low-RFS group. Then Kaplan-Meier
analysis was used to describe the distribution of RFS and OS in
two groups, and the log-rank test was used to compare the
difference of RFS and OS between two groups.

Validation of the model was performed on the validation
cohort. Firstly, performance of the predicting model was
evaluated by calibration curve in both data sets respectively.
The concordance index (C-index) was mainly used to evaluate
the predictive performance of a model (24). To further test the
efficacy of the combination of conventional clinicopathological
parameters and immunohistochemical markers, the C-index for
several models were calculated. Data were statistically analyzed
using SPSS software (version 25.0, IBM statistics, Chicago, IL,
USA) and R software (version 3.6.1, http://www.r-project.org).
RESULTS

According to the inclusion and exclusion criteria, a total of 419
patients were included in the training cohort (patients were from
the First Affiliated Hospital of Chongqing Medical University),
and 248 patients were included in the validation cohort(patients
were from the Second Affiliated Hospital of Chongqing Medical
University) (Figure 1). The demographics and clinicopathological
characteristics of women in the two cohorts were comparable
(P>0.05) and were summarized in Table 1. A total of 51 patients
relapsed in training cohort, of which 26 died due to recurrence of
EC, while 31 patients relapsed in validation cohort and 18 died due
to recurrence. The median follow-up were 50 (range, 12–79)
months for the training cohort; as well as 47 (range, 14–79)
months for the validation cohort. The clinical characteristics of
relapsed patients in the two data sets were summarized in Table 2.
Univariate and Multivariate Cox
Regression Analysis in Training Cohort
The univariate Cox regression analysis was used to analyze the
clinicopathological factors and four immunohistochemical markers
(Ki67, ER, PR, P53) that might affect the recurrence of EC (Table
3). The factors with P values more than 0.05 were excluded from
multivariate analysis, including BMI (P = 0.393), hypertension (P =
0.683), diabetes (P = 0.598), lymphadenectomy (P = 0.890). The
other factors with P values less than 0.05, including age, histological
January 2021 | Volume 10 | Article 586081

http://www.r-project.org
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Jiang et al. Nomogram for Predicting Endometrial Cancer
type, myometrial invasion, cervical stromal invasion, adjuvant
treatment, and all four immunohistochemical markers, were
further included in the multivariate Cox regression. Finally, six
factors with P values less than 0.05 in multivariate regression
analysis were recruited to construct the predictionmodel, including
histological type (P = 0.029), myometrial invasion (P = 0.003),
cervical stromal invasion (P = 0.001), Ki67 (P < 0.001), ER (P =
0.009) and P53 expression (P = 0.041).
Nomogram Model Establishment and Its
Performance
A nomogram model was established to calculate the RFS in a
more convenient and precise manner (Figure 2). The weight
(prognostic value) of each predictor was given in the nomogram
model: the length of each predictor’s line segment represented its
own weight, and the score of the weight could be “quantified” by
the first “Points” line in the model. It could be seen from the
model that the prognostic value of immunohistochemical
markers(especially Ki67 and ER) was still very considerable
even when compared with classical clinical parameters. The
calibration curve showed a good fitness between the prediction
and our data in both data sets (Figure 3). The current risk
stratification systems(RSS), including FIGO classification (25),
ESMO classification (15), ESMO/ESGO/ESTRO classification
(1), were tested to evaluate their accuracy of prognostic
assessment of EC (Table 4). Similarly, we also compared the
proposed model with those proposed in other similar studies
(Table 5). For the comparison among different RSS and
predicting models, discriminatory power of our proposed
model was the highest with the C-index 0.832 (95% CI, 0.752–
0.912) in the training cohort; while 0.861 (95% CI, 0.755–0.967)
in the validation cohort.
Optimal Threshold of the Nomogram
ROC curve showed that the optimal threshold value of the 3-year
recurrence-free survival rate predicted by the model was 0.82
(area under the curve = 0.848; sensitivity = 76.5%; specificity =
Frontiers in Oncology | www.frontiersin.org 4
86.7%) (Figure 4). Based on the optimal threshold, patients in
the validation cohort with a 3-year recurrence-free survival rate
≥0.82 was defined as high-RFS group, the others were low-RFS
group. In the high-RFS group, the median follow-up time and
initial time of EC recurrence were 47.5 (range, 22–79) months
and 33 (range, 17–66) months; while for the low-RFS group were
45 (range, 14–79) months and 20 (range, 8–50) months,
respectively. The 3-year RFS rates for the high-RFS group and
low-RFS group were 96.2% (95% CI, 93.5–98.9%) and 62.2%
(95% CI, 49.1–75.3%) (P < 0.001). The 3-year overall survival
rates of the high-RFS group and low-RFS group were 98.4% (95%
CI, 96.6–100%) and 79.1% (95% CI, 68.1–90.1%) (P < 0.001)
(Figure 5).
DISCUSSION

Recent years, the Cancer Genome Atlas (TCGA) molecular
subgroups of endometrial cancer, including POLE, MSI, copy-
number-high, and copy-number-low, showed a good potential
prognostic value of endometrial cancer (EC). The prognosis of
EC among the four subgroups is significantly different (27–29).
But the high cost of genetic test and the high requirements for the
detection technology and equipment make it difficult to be used
as a common measurement to evaluate the prognosis of EC in
many regions. While immunohistochemistry is still an important
part of the results of postoperative histopathological survey, as its
simplicity, speed and low cost. In our study, we analyzed four
immunohistochemical markers (Ki67, ER, PR, and P53) which
were commonly used in clinical practice and three (Ki67, ER, and
P53) were finally included in our model. With our nomogram
model, the postoperative recurrence risk of each patient with
FIGO stage I-II EC could be predicted. For example, if a patient
with histologic type II (25 points), with cervical stromal invasion
(32 points), without deep myometrial invasion (0 points), with
P53 expression “normal” (0 points), with ER 40% (+) (32 points)
and Ki67 30% (+) (34 points), she would get a total score of 123
points corresponds to a 3-year recurrence-free survival rate of
A B

FIGURE 1 | Flow chart for patient inclusion. Description: (A) Flow chart for inclusion of patients in the training cohort. (B) Flow chart for inclusion of patients in the
validation cohort.
January 2021 | Volume 10 | Article 586081
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78% (recurrence probability in 3 years was 22%). Hence our
model could explain the abstract concept of postoperative
recurrence as a quantitative form based on several predictors
instead of a simple conclusion as “high risk” or “low risk”.
Meanwhile, through the internal and external verification of
Frontiers in Oncology | www.frontiersin.org 5
calibration curve and the comparison of different models, it was
obvious that our model showed a higher prediction accuracy
and consistency.

At present, the selection of adjuvant therapy for patients depends
on traditional clinicopathological (3). For example, recent European
TABLE 1 | Baseline characteristics of the training cohort and the validation cohort.

Variable Training cohort N = 419 % Validation cohort N = 248 % P value

Age median(yrs)
Mean ( ± SD)
Range

52.00
53.72( ± 9.41)

24-81

53.50
54.93( ± 10.20)

25-83

0.120

BMI median(kg/m2)
Mean ( ± SD)
Range

24.65
24.99( ± 3.66)
16.35-41.87

24.78
25.07( ± 3.83)
16.53-39.78

0.800

Hypertension 0.560
No
Yes

316
103

75.4
24.6

182
66

73.4
26.6

Diabetes 0.724
No
Yes

359
60

85.7
14.3

210
38

84.7
15.3

Histologic type 0.357
Type I
Type II

290
129

69.2
30.8

180
68

72.6
27.4

Myometrial invasion 0.627
<1/2
≥1/2

314
105

74.9
25.1

190
58

76.6
23.4

Cervical stromal invasion 0.520
No
Yes

361
58

86.2
13.8

218
30

87.9
12.1

Lymphadenectomy 0.552
No
Yes

46
373

11.0
89.0

31
217

12.5
87.5

Adjuvant treatment 0.652
Follow-up or HT
Only chemotherapy
Only radiotherapy
Chemo-radiotherapy

193
164
12
50

46.1
39.1
2.9
11.9

122
96
4
26

49.2
38.7
1.6
10.5

Ki67 positive ratio (%) 0.707
Median
Mean ( ± SD)
Range

30
31.96( ± 19.09)

0–90

30
33.30( ± 21.81)

0–90
ER positive ratio (%) 0.507
Median
Mean ( ± SD)
Range

90
63.13( ± 35.06)

0–95

80
62.39( ± 34.19)

0–95
PR positive ratio (%) 0.136
Median
Mean ( ± SD)
Range

85
63.46( ± 34.73)

0–95

80
60.28( ± 35.69)

0–95
P53 expression 0.672
Normal
Abnormal

221
198

52.7
47.3

135
113

54.4
45.6

Recurrence 0.901
No
Yes

368
51

87.8
12.2

217
31

87.5
12.5

Death 0.869
No death
Death of EC
Death of other disease

388
26
5

92.6
6.2
1.2

227
18
3

91.5
7.3
1.2

Follow-up (months) 0.601
Median
Mean ( ± SD)
Range

50.00
49.43 ( ± 17.37)

12–79

47
48.72 ( ± 16.08)

14–79
January 2021 | V
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BMI, Body Mass Index; HT, hormonal treatment; FIGO, International Federation of Gynecology and Obstetrics; Chemo-radiotherapy, chemotherapy and radiotherapy; ER, Estrogen
receptor; PR, Progesterone receptor.
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guidelines (1) and NCCN guidelines (30) suggested that
supplemental radiotherapy or even combined with chemotherapy
may be considered when patients accompany with the following
risk factors: late FIGO stage, poor pathological classification, older
age (especially >60 yrs), extensive LVSI, and deeper myoinvasion
(>50%), etc. However, for the patients with early low-risk
endometrial cancer (with stage I and without obvious high-risk
factors for recurrence), they usually only received endocrine therapy
or follow-up after surgery (30), but unfortunately some of them
would still relapse. In our study, the patients in the low-RFS group
had poor prognosis compared with the high-RFS group, which
indicated that they might be good candidates for adjuvant therapy.
Therefore, it might be necessary to pay attention to the
postoperative prognosis management of the patients in the low-
RFS group: for patients with high-risk factors of recurrence who
would receive postoperative adjuvant treatment (chemotherapy
and/or radiotherapy), the cycles of the postoperative adjuvant
therapy should be increased appropriately compared with the
original basis, and the follow-up of them should be more closely;
while for some early low-risk EC patients who would only receive
endocrine therapy or follow-up after surgery, the appropriate
postoperative adjuvant treatment still might be necessary for
Frontiers in Oncology | www.frontiersin.org 6
them. However, there is limited evidence on the clinical benefit of
adjuvant chemotherapy for patients with stage I–II endometrial
cancer (6). Thus, it is necessary to conduct clinical trials to evaluate
the effect of adjuvant chemotherapy on patients in low-RFS group,
and our model involving immunohistochemical makers could be
used as a reliable tool for risk stratification.

What deserves to be mentioned is that we have to explain the
following points: 1) In this study, the immunohistochemical
markers ER and Ki67 were incorporated into the nomogram as
continuous variables, which were better fit the model compared as
the dichotomous variables. Because different positive ratio of each
immunohistochemical marker can correspond to a specific score
in the model, for example, ER 10% (+) corresponds to “46 points”,
ER 80% (+) corresponds to “11 points”, which was more suitable
for personalized evaluation of each patient. 2) Particularly,
contrary to our impression, according to the risk ratio of the
univariate analysis, it seemed that patients who received
postoperative adjuvant therapy were more likely to relapse,
which might be explained by that most patients who received
adjuvant therapy were with late stages, poor types or other high-
risk factors of recurrence, it caused adjuvant therapy as a
prognostic factor had a strong “collinearity” with these high-risk
TABLE 2 | Recurrence characteristics and follow-up.

Variable Training cohort N = 419 % Validation cohort N = 248 % P value

Recurrence
No 368 87.8 217 87.5 0.901
Yes 51 12.2 31 12.5

Sites of replased 51 31
Vaginal stump 2 3.9 1 3.2 0.977
Central pelvic region 14 27.5 8 25.8
Lymph nodes (upper para-aortic) 5 9.8 2 6.5
Peritoneal metastases 11 21.6 8 25.8
Metastasis to other organs 19 37.3 12 38.7
RFS (months)
Median 21.00 21.00 0.804
Mean ( ± SD) 23.02( ± 11.89) 24.29 ( ± 13.70)
Range 6–55 8–66
Follow-up (months)
Median 37.00 37.00 0.599
Mean ( ± SD) 41.16( ± 17.01) 39.03( ± 17.91)
Range 13–72 14–74
January 2021 | Vo
lume 10 | Article
RFS, recurrence-free survival.
TABLE 3 | Univariate and multivariate analysis of factors predicting EC recurrence in the training cohort.

Variables Univariate analysis Multivariate analysis

Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value

Age (≥60 vs <60) 1.997 1.147–3.477 0.014 1.124 0.587–2.154 0.724
Histologic type (II vs I) 4.980 2.781–8.915 <0.001 2.233 1.085–4.593 0.029
Myometrial invasion (≥1/2 vs <1/2) 2.516 1.445–4.381 0.001 2.538 1.361–4.733 0.003
Cervical stromal invasion (Yes vs No) 2.653 1.434–4.910 0.002 3.356 1.632–6.902 0.001
Adjuvant treatment (Yes vs No) 2.397 1.296–4.433 0.005 0.465 0.213–1.016 0.055
Ki67 positive ratio (%) 1.043 1.030–1.056 <0.001 1.036 1.020–1.051 <0.001
ER positive ratio (%) 0.977 0.970–0.985 <0.001 0.986 0.975–0.996 0.009
PR positive ratio (%) 0.979 0.971–0.986 <0.001 0.997 0.985–1.008 0.543
P53 expression (Abnormal vs Normal) 2.296 1.283–4.110 0.005 1.902 1.027–3.521 0.041
CI, confidence interval; ER, Estrogen receptor; PR, Progesterone receptor.
586081
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factors for recurrence in univariate analysis (31), and the
“protective effect” of adjuvant therapy was not enough to offset
the high-risk of recurrence caused by these risk factors. Therefore
the adjuvant treatments were suggested as the “risk factor” in
univariate analysis. However, since the collinear effect of these
Frontiers in Oncology | www.frontiersin.org 7
factors was minimized in multivariate analysis, the adjuvant
treatments were illustrated as the “protective factor” (HR value
of adjuvant treatment < 1 in multivariate analysis). Although the
results showed that there was no significant correlation between
postoperative adjuvant therapy and recurrence, other studies
FIGURE 2 | Nomogram model for estimating the rate of recurrence free survival (3 or 5 years) for women with I–II FIGO stage endometrial cancer Description: To
estimate the recurrence risk, calculate points for each variable by drawing a straight line from patient’s variable value from the 2nd to 6th line to the 1st line labelled
‘Points’. Sum all points and draw a straight line from the 7th line to the 9th line-10th line to get the 3-, and 5-year recurrence-free survival rate.
A

B

FIGURE 3 | The calibration curve for internal and external validation of the nomogram model. Description: (A) The calibration curve for internal validation of the
nomogram model for predicting the RFS in EC; (B) The calibration curve for external validation of the nomogram model for predicting the RFS in EC (notes: The blue
dotted line: Reference line; The red solid line: The prediction curve given by the model).
TABLE 4 | The discriminatory power (C-index) of different risk stratification systems in the training cohort and validation cohort.

Combinations Training cohort Validation cohort

C-index 95%CI C-index 95%CI

FIGO classification 0.645 0.578–0.712 0.646 0.562–0.730
ESMO classification 0.755 0.677–0.833 0.747 0.645–0.849
ESMO-ESGO-ESTRO classification 0.759 0.679–0.839 0.754 0.650–0.858
Our model 0.832 0.752–0.912 0.861 0.755–0.967
January 2021 | Volume 10 | A
CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; ESMO, European Society for Medical Oncology; ESMO-ESGO-ESTRO, European Society for Medical
Oncology, European Society for Radiotherapy & Oncology and European Society of Gynaecological Oncology.
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reported that postoperative adjuvant therapy played a positive role
in improving the recurrence-free survival rate of EC patients (32,
33). 3) Finally, the factors such as age, PR, didn’t show the obvious
correlation with the recurrence in multivariate analysis, which
can’t discredit their importance as EC prognostic factors. In fact,
Frontiers in Oncology | www.frontiersin.org 8
they have been proved to be the important prognosis indicators of
endometrial cancer in other reports (1, 34).

Of course, our model could be optimized. Firstly, due to “the
early stage” of most endometrial cancer patients when diagnosed
and “the low recurrence rate” after surgery, the number of
recurrent cases included in the study was relatively small in
terms of the number of prognostic factors involved in the
multivariate analysis, which may cause statistical bias to a
certain extent. So the model requires a larger multi-center data
to further verify its universalit. Secondly, many other
immunohistochemical markers such as the serum Ca125, the L1
cell adhesion molecule, PTEN have been proved to be related to
the prognosis of endometrial cancer in other studies (7, 35, 36),
and the molecular classification proposed by TCGA has gained
prominence in recent years (27). In future study, it is possible that
more immunohistochemical markers and genomic prognostic
factors scould be tested and involved in prediction models.

In summary, we have developed a nomogram model to
predict the 3-year and 5-year recurrence-free survival of FIGO
I-II EC patients. It can be used as a reliable reference tool for
patients with stage I–II endometrial cancer who need
postoperative adjuvant therapy.
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FIGURE 4 | The ROC curve of the optimal threshold value of the 3-year
recurrence-free survival rate predicted by the model. Description: Black dot:
the area under the curve at this point is the largest, which indicates the
optimal threshold value of the 3-year recurrence-free survival rate predicted
by the model is 0.82 (area under the curve = 0.848; sensitivity, 76.5%;
specificity, 86.7%); (Dotted line: reference line; Solid line: the ROC curve of
the model).
A B

FIGURE 5 | Kaplan-Meier Survival Curve of low-RFS group and high-RFS group. Description: (A) Recurrence-free survival curve of low-RFS group and high-RFS
group. (B) Overall survival curve of low-RFS group and high-RFS group (The dotted line: low-RFS group; The solid line: high-RFS group).
TABLE 5 | The discriminatory power (C-index) of different models.

Model Author Criteria Training cohort Validation cohort

Model A (26) Mingzhu Jia et al. The combined ratio of ER, PR, Ki67, and P53([ER + PR]/[P53 + Ki67]). 0.645 0.646
Model B (6) Takahashi et al. Recurrence prediction score(RPS) system composed of age, pathological type,

cervical stromal invasion, peritoneal cytology.
0.774 0.618

Model C (4) Lobna Ouldamer et al. A nomogram model including age, lymphadenectomy, histologic type, histological
grade, lymphovascular space invasion, FIGO staging.

0.82 0.75

Our model — A nomogram model including histological type, myometrial invasion, cervical
stromal invasion, Ki67, ER and P53 expression.

0.832 0.861
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