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Objective: Lymph node metastasis (LNM) is an important reference indicator for the 
prognosis of endometrial cancer (EC). Even in patients with early low-risk EC, many people 
still have LNM. The purpose of this study was to investigate the related factors influencing 
LNM in early-stage EC and determine the optimal positive threshold of immunohistochem-
ical parameter Ki67 for predicting LNM, providing auxiliary reference indicators for clinical 
diagnosis and treatment.
Methods: The clinicopathological data of 651 patients with “apparent” early-stage EC who 
underwent standard surgical treatment were included. Univariate and multivariate logistics 
regression were used to analyze the correlation between each clinicopathological factor and 
LNM. Receiver operating characteristic curve (ROC curve) and Youden index were used to 
determine the optimal positive threshold of Ki67 for predicting LNM. Finally, correlation 
between Ki67 and various clinicopathological factors was analyzed, and the predictive value 
of each prognostic factor was compared.
Results: Multivariate analysis found that histologic grade (P=0.023), lymphatic vessel space 
invasion (LVSI) (P < 0.001), serological index Ca125 (P=0.002), immunohistochemical 
parameter Ki67 (P < 0.001), ER (P < 0.001) and P53 (P=0.001) were independent prognostic 
factors of LNM. ROC curve and Youden index showed that the optimal positive thresholds 
of Ki67 to predict LNM were 40%. Based on this, ROC curve showed that the area under the 
curve (AUC) of Ki67 (AUC=0.714) was larger than other single predictors, and Ki67 
combined with other predictors can significantly increase the AUC value (AUC= 0.847 
and 0.868, respectively).
Conclusion: Ki67 was an important predictor for predicting the LNM in early-stage EC and 
taking a positive percentage of about 40% can be used as the positive threshold of the 
immunohistochemical parameter Ki67. On this basis, Ki67 combined with other predictive 
indicators can significantly improve prediction performance and can be used for segmentally 
predicting LNM of early-stage EC.
Keywords: Ki67, positive threshold, predict, early-stage endometrial cancer, lymph node 
metastasis

Introduction
Endometrial cancer (EC) is the fourth and ninth most common cancer of the new 
cases in the United States and China, respectively.1,2 Although the 5-year overall 
survival rate of patients exceeds 80%, many patients still have a poor prognosis 
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and even die due to recurrence.3 Related literature 
reports that even in early stage (stage I) patients, 2– 
15% of them will relapse after treatment.4 While whether 
the patient has lymph node metastasis (LNM) is an 
important reference index for treatment and prognosis,5 

the prognosis of patients with LNM is poor, which is 
more likely to lead to recurrence of the pelvic cavity and 
distant metastasis after treatment. Therefore, systemic 
lymph node dissection is an important intervention in 
the standard surgery for EC.5 At present, there is con-
siderable controversy regarding the surgical treatment of 
systemic lymph node dissection in patients with early 
EC, it is reported that for patients with early type 
I (endometrioid cancer) EC at low or intermediate risk, 
the risk of performing systemic lymph node dissection 
outweighs the benefits.6 Therefore, most international 
guidelines no longer recommend systemic lymph node 
dissection for such patients.5 But on the other hand, even 
in early low-risk EC patients, around 10% of them still 
have LNM according to the current risk stratification 
standards, which indicates that many patients have not 
got adequate treatment.7

To predict LNM more accurately in EC and to max-
imize the identification of low-risk patients for LNM, 
various risk stratification systems and prediction models 
have been developed, most of which were developed 
based on classical clinicopathological parameters.5,8 For 
example, Michael9 defined EC patients with the following 
specific criteria as low-risk group for LNM to guide treat-
ment planning for reoperation in patients with incomplete 
surgical staging information: endometrioid histology, well 
or moderately differentiated, myometrial invasion <50%, 
and tumor size <2 cm; Capozzi10 have established 
a scoring system based on lymphatic vessel space invasion 
(LVSI) to predict the risk of LNM before surgery, thereby 
avoiding unnecessary lymph node resection. However, the 
predictive index types of these risk stratification systems 
are relatively single and prediction accuracy is limited.11 

Especially for patients with early low-risk EC (patients 
with stage IA and without the above-mentioned obvious 
high-risk clinicopathological factors), the above predictive 
indicators may no longer be applicable, so there is an 
urgent need to find new prognostic markers that are inde-
pendent of classic clinicopathological parameters.

The cell proliferation index Ki67 is a well-known 
marker used to assess cell proliferation. A large number 
of studies have shown that the Ki67 index can indepen-
dently predict the progression of cancer, and its expression 

can be easily observed by immunohistochemistry, which 
has led to it being widely used to reflect the prognosis of 
many malignant tumors.12 For example, in breast cancer, 
the positive percentage of Ki67 immunohistochemistry 
≥20% is defined as a high Ki67 state, which was used to 
evaluate the prognosis of the patient and guide the deci-
sion-making of adjuvant treatment options.13 In endome-
trial cancer, Ki67 is also closely related to the prognosis of 
patients, especially in early stages of tumors, Ki67 is 
a powerful predictor that cannot be ignored,14 but unfortu-
nately, Ki67 still lacks an acceptable immunohistochem-
ical positive threshold in EC. In summary, this study 
aimed to explore the prognostic factors associated with 
LNM in early-stage EC by including “apparent” early- 
stage EC patients, and to determine the optimal positive 
threshold of the immunohistochemical parameter Ki67 for 
predicting LNM in early-stage EC, to provide an auxiliary 
reference index for treatment and prognosis management 
of patients.

Materials and Methods
Study Population
The clinicopathological data of patients with FIGO (2009 
guidelines15) stages I–III EC who underwent primary sur-
gery at the First Affiliated Hospital of Chongqing Medical 
University from 2013 to 2020 were collected, including 
age, body mass index (BMI), serum index Ca125, surgical 
procedures, postoperative pathological results (pathologi-
cal type and grade of tumor, depth of myometrial invasion, 
LVSI status, number of removed pelvic and para-aortic 
lymph nodes, presence of LNM) and immunohistochem-
ical results (Ki67, ER, PR and P53). Then these patients 
were first excluded from the study: patients without stan-
dard surgical treatment or lymph node dissection, patients 
with other malignant tumors, patients with missing medi-
cal records, patients who were lost to follow-up after 
surgery.

For the determination of patients with “apparent” 
early-stage EC for LNM, the current NCCN guidelines 
recommend systemic lymph node dissection should be 
applied for patients with the following high-risk factors: 
deeply invasive lesions, high-grade histology, and tumor 
of serous carcinoma, clear cell carcinoma, or carcinosar-
coma; while for FIGO staging, deep myometrial invasion 
and cervical stromal invasion are important staging criteria 
for early-stage (stage IB and stage II) EC. Therefore, 
according to NCCN guidelines16 and FIGO guidelines,15 
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patients who do not have the following high-risk factors 
were defined as “apparent” early-stage patients for LNM 
of EC and included in the study: non-endometrioid carci-
noma, high-grade (grade 3) endometrioid carcinoma, 
accompanied by deep myometrial invasion (infiltration 
depth ≥1/2), accompanied by cervical stromal invasion. 
All patients underwent a comprehensive staging operation 
including at least total uterine and bilateral salpingo- 
oophorectomy with pelvic lymph node dissection with or 
without abdominal para-aortic lymph node dissection.5 

Similarly, according to the standard of AlHilli,17 the num-
ber of removed pelvic lymph nodes >10 with or without 
para-aortic lymph nodes >5 was defined as an effective 
lymph node dissection.

Postoperative Pathology and 
Immunohistochemical Analysis
The postoperative specimens of all patients were immedi-
ately fixed with formalin tissue fixative and sent to the 
Pathology Laboratory Center of Chongqing Medical 
University within 20 minutes for embedding, sectioning, 
H&E staining and immunohistochemical analysis in accor-
dance with uniform standards. Pathological results (tumor 
size, extent of tumor invasion, pathological type and grade 
of tumor, depth of myometrial invasion, LVSI status, 
number of removed pelvic and para-aortic lymph nodes, 
presence of LNM) were initially judged by the primary 
physician and reviewed by the superior physician.

Immunohistochemical studies of ER, PR, Ki67 and 
P53 were carried out with an optimized and validated 
IHC protocol of immunohistochemistry autostainer 
(Leica Bond-Max, Milton Keynes, UK).18 Briefly, paraffin 
sections were deparaffinized and hydrated, which were 
then subjected to antigen retrieval with microwave. Next, 
sections were cooled and treated with peroxidase blocker 
for 5 minutes to block endogenous peroxidase activity. 
The following primary mouse monoclonal antibodies 
(ready-to-use) were used: Ki67 (clone MX006), ER 
(clone SP1), PR (clone MX009) and P53 (clone MX008) 
(all purchased from Maixin Biotech, Fuzhou, China) were 
applied separately and incubated overnight at 4°C. Then, 
specimens were incubated at room temperature for 30 
minutes with using a biotin-labeled anti-mouse secondary 
antibody. Diaminobenzidine (DAB) was used for color 
development and hematoxylin was used for section coun-
terstaining. Known positive tissue sections were used as 

positive control, phosphate-buffered saline (PBS) was 
used to replace the primary antibody as a negative control.

Interpretation of immunohistochemistry: five high- 
power fields were randomly observed in the most active 
tumor area (“hottest spot” of tumor), tumor cells with strong 
nuclear immunostaining were defined as positive cells, 100 
tumor cells were evaluated in each field, and the average 
positive percentage (0–100%) of each immunohistochemical 
parameter (Ki67, ER, PR and P53) was calculated in five 
fields.18,19 This process was independently evaluated by two 
experienced pathologists and the results were recorded sepa-
rately. If the difference between the count results of two 
observers ≤10%, the observation results were considered to 
be consistent; if the count results between two observers 
differed >10%, the counts would be re-evaluated, and 
a consensus was obtained. Finally, the average of the results 
of the two observers represented the final result of interpre-
tation of immunohistochemistry.20

Referring to other similar studies, ER and PR were 
defined as negative if the proportion of positive tumor 
cells ≤5%.21,22 According to the 3-tier system for immu-
nohistochemistry interpretation of P53,23 overexpression 
(the proportion of positive tumor cells ≥75%) and com-
plete absence of expression (no obvious positive tumor 
cell staining) were defined as abnormal (aberrant/muta-
tion-type) expression of P53, on the contrary, positive 
expression between the two extremes (positive tumor cell 
ratio 0–75%) was defined as normal (wild-type) expres-
sion of P53. Ki67 was expressed as the percentage of 
positive tumor cells (0–100%).

Statistical Analysis
Measurement data were represented by the mean, median 
and range, and comparisons between groups were performed 
by Student’s t-test. Categorical data were expressed as fre-
quency and percentage, and chi-square test was used for 
comparison between groups. Univariate and multivariate 
analysis were realized by logistic regression model. The 
optimal threshold of positive percentage of Ki67 was deter-
mined by the receiver operating characteristic curve (ROC) 
and Youden index (Youden Index=Sensitivity + Specificity 
−1, range from 0 to 1).24 Patients with Ki67 index ≥ the 
positive threshold were defined as high-Ki67 group, and 
patients with Ki67 index < the positive threshold were 
defined as low-Ki67 group. Differences of the clinicopatho-
logical parameters between the two groups were compared. 
Finally, area under the curve (AUC) of ROC was used to 
compare the prediction accuracy of each predictor.5 The 
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predictor has a valid predictive value only when the AUC is 
greater than 0.5, the predictor has a fair or good predictive 
performance when AUC lies between 0.6 and 0.7 or is 
greater than 0.8, respectively.5 SPSS 25.0 (IBM Statistics, 
Chicago, IL, USA) software was used for statistical analysis 
of the data. P < 0.05 was considered statistically significant.

Results
General Clinicopathological Data 
Characteristics of Patients
From 2013 to 2020, a total of 1384 patients received stan-
dard surgical treatment at the First Affiliated Hospital of 
Chongqing Medical University, 651 patients with “apparent” 
early-stage EC were finally included in this study according 
to the inclusion and exclusion criteria (Figure 1). The basic 
characteristics of patients are summarized in Table 1. The 
median age of patients was 52 (range 24–81) years. Four 
hundred and seventy-eight (73.4%) patients only underwent 
pelvic lymph node dissection, while 173 (26.6%) patients 
underwent pelvic and para-aortic lymph node dissection. 
The median number of removed lymph nodes was 32 (10– 
93). A total of 83 (12.7%) patients had LNM, of which 13 
(2.0%) patients also had abdominal para-aortic LNM, and no 
solitary abdominal para-aortic LNM was observed. The 
immunohistochemical staining results of ER, PR, P53 and 
Ki67 were shown in Supplementary Figures 1–4. The 
expression distribution of ER, PR, P53 and Ki67 could be 
seen in Table 1. The distribution range of the value of 

immunohistochemical parameter Ki67 was 0–90% (median 
30%) (Table 1).

Univariate and Multivariate Analysis of 
LNM
Univariate analysis showed age (P=0036), histologic grade 
(P=0.046), lymphatic vessel space invasion (LVSI) (P < 
0.001), serological index Ca125 (P < 0.001), immunohis-
tochemical parameter Ki67 (P < 0.001), ER (P < 0.001), 
PR (P < 0.001) and P53 (P=0.005) were associated with 
LNM. These factors were further included in multivariate 
analysis, while the BMI (P=0.743) was not included in 
multivariate analysis due to P > 0.05 in univariate analysis. 
Further multivariate analysis found that histologic grade 
(P=0.023), lymphatic vessel space invasion (LVSI) (P < 
0.001), serological index Ca125 (P=0.002), Ki67 (P < 
0.001), ER (P < 0.001) and P53 (P=0.001) were indepen-
dent prognostic factors for LNM (Table 2).

The Optimal Positive Threshold of Ki67 
Associated with LNM
Univariate and multivariate analysis confirmed that Ki67 
was an independent prognostic factor for LNM in early- 
stage EC. Furthermore, ROC curve and Youden index 
revealed that the optimal positive threshold of Ki67 for 
predicting LNM was 40% (AUC = 0.767; sensitivity = 
72.3%; specificity = 70.4%) (Figure 2).

Figure 1 Flow chart for patient inclusion.
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Comparison of Clinicopathological 
Parameters and Survival Analysis 
Between High- and Low-Ki67 Groups
According to the optimal positive threshold (40%) of 
Ki67, patients with Ki67 index ≥40% and <40% were 

defined as high-Ki67 group and low-Ki67 group, respec-
tively. Comparison between the two groups showed that 
high-Ki67 expression was significantly associated with age 
≥60 (P=0031), lymphatic vessel space invasion (LVSI) 
(P < 0.001), serological index Ca125 ≥35 (U/mL) 
(P=0.029), ER “negative” expression (P < 0.001) and PR 
“negative” expression (P < 0.001) (Table 3).

To explore the relationship between Ki67 and prognosis of 
patients, we collected prognostic data of patients (454 patients 
in total) with follow-up more than two years, the median 
follow-up time was 48 (range 8–79) months. There were 156 
patients in high-Ki67 group, of which 32 (20.5%) patients 
relapsed and 16 (10.3%) patients died; while there were 298 
patients in low-Ki67 group, of which 16 (5.4%) patients 
relapsed and 12 (4.0%) patients died. Kaplan-Meier survival 
analysis showed that the 3-year recurrence-free survival rates 
of patients in high- and low-Ki67 groups were 80.5% (95% CI, 
74.0–87.0%) and 94.4% (95% CI, 91.7–97.1%), respectively 
(P < 0.001, Figure 3A); the 3-year overall survival rates were 
91.0% (95% CI, 86.3–95.7%) and 96.1% (95% CI, 93.7– 
98.5%), respectively (P=0.006, Figure 3B).

The Clinical Prognostic Value of the 
Optimal Positive Threshold of Ki67
To further illustrate the clinical value of Ki67 for predicting 
LNM in early-stage EC, ROC curve and AUC were used to 
compare the predictive performance of various predictive 
markers and their combinations. From Figure 4 and Table 4, 
the following key results can be drawn: 1. The AUC of Ki67 
(AUC=0.714) was greater than other single predictors, includ-
ing pathological parameters histologic grade (AUC=0.558), 
LVSI (AUC=0.691), serological index Ca125 (AUC=0.625), 
immunohistochemical markers ER (AUC=0.682), P53 
(AUC=0.580); 2. Ki67 combined with classical pathological 
parameters (histologic grade and LVSI) and other molecular 
indicators (Ca125, ER and P53) can improve predictive per-
formance, of which the AUC was the largest (AUC=0.868); 3. 
Even if Ki67 only combined with molecular indicators (Ca125, 
ER and P53), the AUC at this status can still reach 0.847, which 
was close to the AUC of the above optimal combination 
(0.868).

Discussion
LNM is an important prognostic indicator of EC. Patients 
with LNM in EC are defined as at least stage IIIC (or stage 
IV if accompanied by distant metastasis) according to 
FIGO staging (2009 guidelines).15 Related literature5 

Table 1 Baseline Characteristics of the Patients

Variable Patients (N = 651) %

Age (yrs)
Mean (±SD) 53.37 (±9.19)

Median (range) 52.00 (24–81)

BMI (kg/m2)

Mean (±SD) 24.78 (±3.77)
Median (range) 24.44 (16.35–45.72)

Histologic grade
1 395 60.7

2 256 39.3

LVSI

Positive 128 19.7

Negative 523 80.3

Serum Ca125 (U/mL)

<35 503 77.3
≥35 148 22.7

Ki67 positive ratio (%)
Mean (±SD) 31.39 (±18.74)

Median (range) 30.00 (0–90)

ER expression

Positive 560 86.0

Negative 91 14.0

PR expression

Positive 534 82.0
Negative 117 18.0

P53 expression
Normal 412 63.3

Abnormal 239 36.7

Scope of lymphadenectomy

Only pelvic LNs 478 73.4

Pelvic + para-aortic LNs 173 26.6

Number of LNs removed

Mean (±SD) 32.88 (±13.91)
Median (range) 32.00 (10–93)

LN metastasis 83 12.7

Only pelvic LN metastasis 70

Pelvic + para-aortic LN metastasis 13

Abbreviations: BMI, body mass index; LVSI, lymphatic vessel space invasion; ER, 
estrogen receptor; PR, progesterone receptor; LN, lymph node.
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reported that the 5-year disease-free survival rate of FIGO 
stage I–II patients without lymph node metastasis was 
90%, that of patients with pelvic LNM was 75%, and 
patients with para-aortic LNM was 38%. Similarly, the 
overall recurrence rate for patients with LNM was 48% 
while for patients without LNM was 8%. Therefore, it is 
particularly important to accurately predict LNM and take 
timely intervention measures (including systemic lymph 
node dissection and postoperative adjuvant radiotherapy 
or/and chemotherapy) during the perioperative and post-
operative period. At present, the prediction of LNM in EC 
mainly depends on the classic clinicopathological para-
meters. For example, the latest European guidelines3 and 
NCCN guidelines16 recommend systemic lymph node dis-
section should be performed for patients with the follow-
ing high-risk factors: non-endometrioid histological 
subtypes (especially for clear cell carcinoma, serous 

carcinoma and carcinosarcoma), myometrial invasion 
depth of 50% or deeper, high-grade (grade 3) endometrioid 
carcinoma. According to the above classification criteria, 
most patients who may need lymph node dissection can be 
correctly distinguished, but as mentioned in introduction, 

Table 2 Univariate and Multivariate Analysis of Predictive Factors for Lymph Node Metastases

Variables Univariate Analysis Multivariate Analysis

Odds Ratio 95% CI P-value Odds Ratio 95% CI P-value

Age (≥60 vs <60) 1.698 1.035–2.786 0.036 1.214 0.660–2.232 0.533

Histologic grade (G2 vs G1) 1.603 1.009–2.545 0.046 1.950 1.099–3.461 0.023
LVSI (Positive vs Negative) 6.501 3.985–10.604 <0.001 4.671 2.579–8.460 <0.001

Ca125 (≥35 vs <35) 3.312 2.049–5.351 <0.001 2.629 1.445–4.782 0.002

Ki67 positive ratio (0–100%) 1.051 1.038–1.065 <0.001 1.039 1.023–1.054 <0.001
ER expression (Negative vs Positive) 8.205 4.897–13.749 <0.001 4.842 2.092—11.205 <0.001

PR expression (Negative vs Positive) 5.227 3.193–8.557 <0.001 1.020 0.429–2.424 0.964

P53 expression (Abnormal vs Normal) 1.929 1.213–3.067 0.005 2.641 1.474–4.732 0.001

Abbreviations: LVSI, lymphatic vessel space invasion; ER, estrogen receptor; PR, progesterone receptor.

Figure 2 The ROC curve of Ki67 for predicting LNM. The area under the curve at 
“black dot” is the largest, which suggests the optimal threshold of positive percen-
tage of Ki67 is 40% (AUC = 0.767; sensitivity = 72.3%; specificity = 70.4%). 
Notes: Dotted line: reference line; solid line: the ROC curve of Ki67.

Table 3 Comparison of Clinicopathological Parameters Between 
Low-Ki67 Group and High-Ki67 Group

Variable Low-Ki67 
Group 
N=423

High-Ki67 
Group  
N=228

P-value

Age (yrs) 0.031
<60 331 (78.3%) 161 (70.6%)

≥60 92 (21.7%) 67 (29.4%)

Histologic grade 0.538

1 253 (59.8%) 142 (62.3%)

2 170 (40.2%) 86 (37.7%)

LVSI <0.001

Positive 64 (15.1%) 64 (28.1%)
Negative 359 (84.9%) 164 (71.9%)

Serum Ca125 (U/ 
mL)

0.029

<35 338 (79.9%) 165 (72.4%)

≥35 85 (20.1%) 63 (27.6%)

ER expression <0.001

Positive 389 (92.0%) 171 (75.0%)
Negative 34 (8.0%) 57 (25.0%)

PR expression <0.001
Positive 373 (88.2%) 161 (70.6%)

Negative 50 (11.8%) 67 (29.4%)

P53 expression 0.528

Normal 264 (62.4%) 148 (64.9%)

Abnormal 159 (37.6%) 80 (35.1%)

Abbreviation: LVSI, lymphatic vessel space invasion; ER, estrogen receptor; PR, 
progesterone receptor.
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about 10% of patients who are identified as early low-risk 
patients for LNM still have not received adequate 
treatment.

In this study, patients with “apparent” early-stage EC were 
served as study subjects. Univariate and multivariate analysis 
found that histologic grade, LVSI, serological index Ca125, 
immunohistochemical parameters Ki67, ER and P53 were 
significantly associated with LNM. Unlike the other two 
immunohistochemical parameters (ER and P53), which have 
a clear definition of two-category expression, there is no 
accepted positive threshold for Ki67 in endometrial cancer. 
Therefore, we determined the optimal positive threshold (40%) 
of Ki67 for predicting LNM. Based on this threshold, we also 

found that the postoperative recurrence-free survival rate and 
overall survival rate of patients in high-Ki67 group were much 
lower than those in low-Ki67 group (P < 0.001 and P=0.006, 
respectively, Figure 3). It indicated that we could try to take 
40% as the threshold to perform binary classification of Ki67, 
which could be used as an important auxiliary reference for 
predicting LNM in early-stage EC. Further analysis found that 
the predictive performance of Ki67 (AUC=0.714) was better 
than other single predictive indicators (Figure 4 and Table 4), 
including classic pathological parameters (histologic grade and 
LVSI), which indicated that for the prediction of LNM in early- 
stage EC, the classic clinicopathological parameters were 
important but not the only thing that mattered, other molecular 

Figure 3 Kaplan–Meier survival curve of low-Ki67 and high-Ki67 group. (A) Recurrence-free survival curve of low-Ki67 and high-Ki67 group. (B) Overall survival curve of 
low-Ki67 and high-Ki67 group. 
Notes: The dotted line: high-Ki67 group; the solid line: low-Ki67 group.

Figure 4 The ROC curve of various predictive markers and their combinations for predicting LNM.

Cancer Management and Research 2021:13                                                                                     https://doi.org/10.2147/CMAR.S316211                                                                                                                                                                                                                       

DovePress                                                                                                                       
6325

Dovepress                                                                                                                                                       Jiang and Yuan

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


predictors (such as Ki67) should be considered to improve the 
accuracy of the prediction as much as possible.

Although Ki67 as a single predictor had a relatively good 
predictive performance, compared with taking Ki67 alone to 
predict LNM, we preferred to recommend that Ki67 combined 
with other prognostic markers should be used for predicting 
LNM to guide clinical work. For example, Ki67 combined 
with other molecular indicators (Ca125, ER and P53) can 
greatly optimize predictive performance (AUC=0.847), and 
even adding pathological parameters (histologic grade and 
LVSI) on this basis can greatly optimize predictive perfor-
mance (AUC=0.868) (Figure 4 and Table 4). However, the 
accurate assessment of classical pathological parameters often 
requires postoperative pathological examination, especially for 
LVSI, which can only be determined precisely after a full 
pathological review of a hysterectomy specimen.25 

Therefore, we propose to implement “segment prediction” 
(preoperative prediction and postoperative prediction) for 
LNM. That is, before surgery, Ki67 combined with other 
molecular indicators (Ca125, ER and P53) could be used 
(preoperative immunohistochemical results can be obtained 
from preoperative curettage specimens) to roughly predict 
LNM of patients. If the above-mentioned molecular indicators 
of a patient indicate a great risk of LNM, then the patient 
should undergo sentinel lymph node biopsy (appropriately 
increase the number of lymph nodes for biopsy and expand 
the scope of biopsy) to confirm whether the patient has LNM, 
or even systemic lymph node dissection should be applied if 
necessary. After surgery, when there is a complete and reliable 
postoperative pathological examination, pathological para-
meters (histologic grade and LVSI) should be added to the 
above molecular indicators (Ca125, Ki67, ER and P53) to 

predict LNM. If the postoperative predictors (histologic 
grade, LVSI, Ca125, Ki67, ER and P53) of a patient suggest 
that the risk of LNM is high, appropriate adjuvant therapy 
(radiotherapy and chemotherapy) might should be considered 
for patients, or even a second operation may be required to 
supplement the lymph node dissection if necessary (short-term 
postoperative imaging or other auxiliary examinations with 
high suspicion of LNM). Of course, there is still a lack of 
models or risk stratification systems that comprehensively use 
various predictive indicators, and our study may be the pre-
liminary basis for such research.

The study also has certain limitations. First of all, the 
results of this study were derived from postoperative patho-
logical specimens. Some studies25,26 have shown that post-
operative pathological results are often more adequate and 
reliable than preoperative biopsy results. However, predict-
ing LNM before surgery by using preoperative biopsy speci-
mens was still encouraged and recommended.18 Of course, 
the consistency of the diagnosis of preoperative biopsy speci-
mens and postoperative pathological specimens still needs to 
be evaluated by prospective studies.18 Secondly, there is no 
unified standard procedure for the interpretation of immuno-
histochemical parameter Ki67. The “hot spot” method of 
assessment was used in this study, which was also applied 
in most similar studies,27,28 but it is still necessary to estab-
lish an international evaluation standard to unify the inter-
pretation of immunohistochemistry results. Finally, the study 
is a single-center retrospective study and needs to be verified 
by a multi-center prospective experiment.

In summary, it is important and necessary to perform 
immunohistochemical analysis of certain classic molecules 
(such as Ki67, ER, PR and P53) on postoperative specimens 
of patients with EC. The results of immunohistochemistry 
can be used as a supplement to clinicopathological para-
meters, helping clinicians and pathologists to better interpret 
postoperative tumor specimens, and even serve as an impor-
tant reference index for postoperative adjuvant treatment.13 

Especially in the early stages of tumors, the known clinico-
pathological parameters have limited predictive perfor-
mance, but combined with immunohistochemical analysis 
can carry out more accurate risk stratification of early 
patients.29 In this study, we analyzed the relevant factors of 
LNM in patients with “apparent” early-stage EC and deter-
mined the optimal positive threshold (40%) of Ki67 for 
predicting LNM. On this basis, we can make a preliminary 
evaluation of the risk of LNM of patients before and after 
surgery to formulate more complete surgical plans and prog-
nostic management measures.

Table 4 The Discriminatory Power (AUC) of Each Predictors 
and Combination to Predict LNM

Variable AUC (95% CI)

Histologic grade 0.558 (0.491–0.625)

LVSI 0.691 (0.623–0.759)

Ca125 0.625 (0.556–0.694)
Ki67 0.714 (0.654–0.773)

ER 0.682 (0.612–0.752)

P53 0.580 (0.513–0.646)
Histologic grade+ LVSI 0.722 (0.658–0.785)

Ca125+Ki67+ER+P53 0.847 (0.807–0.887)
Histologic grade+ LVSI+ Ca125+Ki67+ER 

+P53

0.868 (0.826–0.909)

Abbreviations: AUC, area under the curve; LVSI, lymphatic vessel space invasion; 
ER, estrogen receptor.
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Abbreviations
EC, endometrial cancer; LNM, lymph node metastasis; 
ER, estrogen receptor; PR, progesterone receptor; LVSI, 
lymphatic vessel space invasion; FIGO, International 
Federation of Gynecology and Obstetrics; ROC, Receiver 
Operating Characteristic; AUC, area under the curve; 
BMI, body mass index.
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