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Objective: The purpose of this study was to find a cut-off value of the immunohistochem
ical parameter Ki67 for stage I–II endometrial cancer.
Materials and Methods: The clinicopathological data of 318 patients with stages I–II 
endometrial cancer who received primary surgical treatment were retrospectively analyzed. 
A cut-off value of Ki67 for predicting recurrence of endometrial cancer was determined by 
using the receiver operating characteristic curve and the Youden index. The Cox regression 
was performed to screen factors associated with recurrence of endometrial cancer. Based on 
the cut-off value of Ki67, the patients were divided into two groups, and the differences of 
clinicopathological parameters between the two groups were compared.
Results: The receiver operating characteristic curve showed that the optimal cut-off value of 
Ki67 for predicting recurrence of patients with stages I–II endometrial cancer was 38%. The 
multivariate Cox regression analysis demonstrated that the histotypes (P=0.012), myometrial 
invasion (P=0.014), cervical stromal invasion (P=0.001), Ki67 (P=0.002), estrogen receptor 
(ER) (P=0.045) and P53 (P=0.032) were significant prognostic predictors for recurrence of 
endometrial cancer. The recurrence-free survival and the disease-specific survival of patients 
in the high-Ki67 group (Ki67 ≥38%) were much lower than those in the low-Ki67 group 
(Ki67 <38%) (P=0.000, P=0.001, respectively). Among the 118 patients with early low-risk 
endometrial cancer who did not receive adjuvant treatment after surgery, the recurrence-free 
survival of patients in the high-Ki67 group was also lower than those in the low-Ki67 group 
(P=0.000).
Conclusion: The Ki67 was demonstrated to be a useful prognostic factor in patients with 
stages I–II endometrial cancer, and the Ki67 labeling index 38.0% was optimal cut-off value 
for predicting recurrence.
Keywords: Ki67, cut-off value, endometrial cancer, recurrence

Introduction
Ki67 expression is commonly used as a marker of cell proliferation,1 whose 
expression can be easily visualized by immunohistochemistry. This is why it is 
widely used to reflect the prognosis of several malignancies.2 In breast cancer, Ki67 
expression has been widely used as a prognostic indicator to guide clinical work, at 
the St. Gallen Consensus Conference, the majority of the expert panel voted that 
a threshold of ≥ 20% should be defined as high Ki67 status in breast cancer.3 In 
many other related studies, various cut-off values of Ki67 labeling index have also 
been determined for postoperative management of breast cancer.2,4 In endometrial 
cancer, the risk of recurrence is usually determined by the patient’s pathological 
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diagnosis, including staging, histological subtype, tumor 
grade, lymph node status, and depth of muscular 
invasion.5–7 However, more and more studies show that 
Ki67 can be used as an important prognostic predictor of 
endometrial cancer,1,8,9 but currently there is still no 
recognized acceptable cut-off value of Ki67 in endometrial 
cancer. The present study aimed to determine the clinical 
value of Ki67 as a prognostic marker in patients with 
stages I–II endometrial cancer and find an optimal cut- 
off value of Ki67 in endometrial cancer.

Materials and Methods
Study Population
The study was prospectively approved by the Ethics 
Committee of Chongqing Medical University and conducted 
in accordance with the Declaration of Helsinki. The archived 
data of the patients with endometrial cancer who had under
gone primary surgical treatment between October 2013 and 
May 2017 were retrieved from the First Affiliated Hospital of 
Chongqing Medical University. Inclusion criteria were as 
follows: 1) Patients were diagnosed with stages I–II endo
metrial cancer according to the staging system of 
International Federation of Gynecology and Obstetrics 
(FIGO) 2009 guidelines;10 2) Patients had a complete case 
record, including age, body mass index, comorbidities 
(hypertension or diabetes), surgical procedures, pathological 
results (histotype, depth of myometrial invasion, cervical 
stromal invasion), four immunohistochemical makers 
(Ki67, ER, PR, and P53), and postoperative adjuvant therapy. 
The exclusion criteria were as follows: 1) The patient did not 
follow the standard surgical treatment;11 2) Patients with 
other malignancies; 3) Patients who had received chemother
apy or radiotherapy before surgery; and 4) Patients without 
regular follow-ups.12

Treatment and Follow-Up
Patients received standard surgical treatment, including at 
least total hysterectomy with bilateral salpingo- 
oophorectomy, with or without nodal staging (sentinel 
lymph node±pelvic±para-aortic lymphadenectomy),11 fol
lowed by adjuvant treatment (chemotherapy and/or radio
therapy) stipulated by multidisciplinary discussions and 
international guidelines.13 Follow-up visits were per
formed every 3 months for the first 2 years, every 6 
months for the following 3 years, and once a year there
after. All the patients were followed up from the day of 
surgery onwards, follow-up care plans included regular 

physical examinations and necessary auxiliary checks.14 

The follow-up deadline was June 2019. Since most 
relapsed patients were concentrated within 2 years after 
surgery, apart from those who died during follow-up, the 
remaining patients had follow-up >2 years.

Histology and Immunohistochemistry
All patients’ postoperative specimens were fixed by formalin 
tissue fluid within the prescribed time and then sent to the 
Pathological Laboratory Center of Chongqing Medical 
University for further processing. All specimens were pro
cessed with the same standards according to the instructions 
of pathological section staining and immunohistochemistry 
in the department of pathology.15 Briefly, samples were made 
into formalin-fixed, paraffin-embedded specimens. H&E 
staining was used to confirm which parts were cancerous, 
then a representatively cancerous part was chosen and a dot 
was set with a diameter of 2 mm to stand for the whole 
sample. The histotypes, lesion size, lesion and infiltration 
range were initially judged by the primary pathologist, and 
reviewed by the superior physician. The low risk histotypes 
were defined as G1 or G2 endometrioid adenocarcinoma, 
while the high risk histotypes were defined as G3 endome
trioid adenocarcinoma or non-endometrioid adenocarcinoma 
including serous carcinoma, clear cell carcinoma and other 
histotypes.16

Immunohistochemistry (IHC) of ER, PR, Ki67 and P53 
was performed with an automated immunostainer (Leica 
Bond-Max, Milton Keynes, UK) according to the manufac
turer’s instruction.9 Tissue slides were dried overnight at 
70°C, deparaffinized with xylene, and then gradually 
hydrated. The sections were subjected to heat-induced epi
tope retrieval at 100°C for 20 minutes, cooled to 20°C, and 
then treated with 0.3% H2O2 in methanol for 5 minutes to 
block endogenous peroxidase activity. The following pri
mary mouse monoclonal antibodies were used in IHC: ER 
(clone 1D5, 1:50), PR (clone PgR636, 1:500), Ki67 (clone 
MIB1, 1:300) and P53 (clone DO7, 1:200). The samples 
were incubated for 30 minutes at room temperature by 
using an anti-mouse secondary antibody (Leica). 
Diaminobenzidine was used as a chromogen (DAB 
Substrate System, DAKO). PBS (phosphate-buffered saline) 
were used as wash buffer for three times between each two 
procedures. Immunohistochemical results of ER, PR, Ki67 
and P53 were independently evaluated by two experienced 
pathologists and recorded as the percentage of positively 
stained tumor cells (0–100%). Pathologists’ assessment for 
the proportion of positive tumor cells were considered to be 
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consistent if the proportion differed ≤10%; If the initial 
assessment was considered to be inconsistent (the proportion 
differed >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.17

ER and PR were considered positive when expression 
was seen in >5% of the tumor cells, which is the cut-off used 
in daily clinical practice for the characterization of breast 
cancer and which was shown to be valuable in endometrial 
carcinomas as well.8,18 According to the 3-tier system for 
P53 immunohistochemistry interpretation,19 the overexpres
sion (the proportion of positive tumor cells ≥75%) and com
plete 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 expres
sion levels in between these extremes (0–75%). 
Immunohistochemical parameters Ki67 was recorded as con
tinuous variables based on the proportion of positive tumor 
cells (0–100%) (Supplementary Figure 1).

Recurrence
Recurrence was considered if lesions were confirmed by 
physical examination, histological examination, or images, 
including computed tomography, magnetic resonance ima
ging, ultrasonography, bone scintigraphy, positron emis
sion tomography or specific X-rays.14 Recurrence was 
divided into vaginal stump recurrence, central pelvic 
region recurrence, lymph nodes (upper para-aortic) recur
rence, peritoneal metastases, and metastasis to other 
organs.16 Recurrence-free survival was defined as time 
between date of complete surgical removal of the malig
nancy and either date of (histologically or radiologically 
confirmed) recurrence.20 Disease-specific survival was 
defined as time from primary surgery to death as a result 
of recurrence.21

Statistical Analysis
Student’s t-tests were used for continuous variables and χ2 

tests were used for categorical variables. The optimal cut- 
off value of the Ki67 labeling index was determined by 
receiver operating characteristic curve and Youden Index 
(Youden index = sensitivity + specificity −1).22 

Multivariate Cox regression model was used to screen 
the independent prognostic predictors of recurrence of 
endometrial cancer, which included variables of P<0.05 
in the univariate Cox regression model. Then, all the 
patients were divided into two groups (a high-Ki67 

group and a low-Ki67 group) according to the cut-off 
value of Ki67, and Kaplan-Meier analysis was used to 
determine the duration of recurrence-free survival and 
disease-specific survival. Log rank test was used to assess 
the difference of recurrence-free survival and disease- 
specific survival between two groups. Statistical Product 
and Service Solutions (SPSS, version 25.0, IBM Statistics, 
Chicago, IL, USA) software was used for statistical ana
lysis of the data. P-<0.05 was considered to indicate sta
tistically significant difference.

Results
Characteristics of Patients and Tumors
A total of 349 patients with stages I–II endometrial cancer 
underwent primary surgical treatment at the First Affiliated 
Hospital of Chongqing Medical University from 
October 2013 to May 2017, among which 318 patients meet
ing the criteria were recruited. While 31 were excluded due 
to missing data, lost to follow-up, or underwent a non- 
standard surgical approach (Supplementary Figure 2). The 
clinicopathological characteristics of 318 patients are sum
marized in Table 1. The majority of the patients had FIGO 
stage I tumors (87.1%) and the tumors were mainly endome
trioid adenocarcinoma (87.4%). Adjuvant treatment had 
been administered to 172 (54.1%) patients. The median 
follow-up of all patients were 46 (range 12–67) months. 
There were 46 (14.5%) recurrence in total, of which 25 
died due to recurrence of endometrial cancer, while five 
were due to other causes. The median follow-up and recur
rence-free survival for patients with recurrence were 36 
(range 12–60) and 22.5 (range 6–48) months 
(Supplementary Table 1). The distribution of immunohisto
chemical results are summarized in Table 2, among which the 
Ki67 labeling index ranged from 0 to 90% (median 30%) 
(Supplementary Figure 3).

The Optimal Cut-off Value of the Ki67 
Labeling Index
The univariate Cox regression analysis confirmed that a high 
Ki67 labeling index was significantly associated with a short 
recurrence-free survival (P=0.000). Then, the receiver oper
ating characteristic curve and Youden index (Youden index 
= sensitivity + specificity −1) revealed that the optimal cut- 
off value of Ki67 labeling index for predicting recurrence of 
endometrial cancer was 38.0% (area under the curve = 
0.708; sensitivity, 65.2%; specificity, 70.6%) (Figure 1).
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Univariate and Multivariate Analysis of 
Recurrence-Free Survival
The univariate Cox regression analysis was used to analyze 
the clinicopathological factors and four immunohistochem
ical markers (Ki67, ER, PR, and P53) that might affect the 
recurrence of endometrial cancer, and the factors with 
P>0.05 were excluded from the multivariate analysis, includ
ing body mass index, P=0.301, hypertension, P=0.952, dia
betes, P=0.496, and lymphadenectomy, P=0.847. The factors 
with P<0.05, including age, histotype, myometrial invasion, 
cervical stromal invasion, adjuvant treatment, and all four 
immunohistochemical markers, were further included in the 
multivariate Cox regression. Finally, six factors, including 
histotype (P=0.012), myometrial invasion (P=0.014), cervi
cal stromal invasion (P=0.001), Ki67 (P=0.002), ER 
(P=0.045) and P53 (P=0.032), were identified as indepen
dent prognostic factors for recurrence of endometrial cancer 
(Table 3).

Comparison of Clinicopathological 
Parameters Between the Low-Ki67 
Group and the High-Ki67 Group
When the cut-off value of Ki67 was set as 38.0%, the high 
Ki67 labeling index was not only significantly associated 
with relapse of endometrial cancer, but also related to the 
following factors: age (P=0.003), histotype (P=0.000), ER 
(P=0.000), progesterone receptor (P=0.000) (Table 4). 

Table 1 Patient Characteristics (n=318)

Characteristics All Patients 
(n=318)

%

Age median (years) 53.00

Mean (±SD) 54.22 (±9.35)

Range 29–81

BMI median (kg/m2) 24.25

Mean (±SD) 24.86 (±3.68)

Range 16.35–39.30

Hypertension
No 234 73.6

Yes 84 26.4

Diabetes
No 272 85.5

Yes 46 14.5

Histotype
G1 or G2 endometrioid 

adenocarcinoma

215 67.6

G3 endometrioid adenocarcinoma 63 19.8

Serous carcinoma 26 8.2

Clear cell carcinoma 7 2.2

Other histotypes 7 2.2

Myometrial invasion
<1/2 238 74.8

≥1/2 80 25.2

Cervical stromal invasion
No 277 87.1

Yes 41 12.9

Lymphadenectomy
No 38 11.9

Yes 280 88.1

Adjuvant treatment
Follow-up or HT 146 45.9

Only chemotherapy 127 39.9

Only radiotherapy 11 3.5

Chemo- radiotherapy 34 10.7

Recurrence
No 272 85.5

Yes 46 14.5

Death
No 288 90.6

Death of recurrence 25 7.9

Death of other disease 5 1.6

Follow-up (months)
Median 46.00

Mean (±SD) 45.17 (±12.66)

Range 12–67

Abbreviations: BMI, body mass index; HT, hormonal treatment; Chemo- 
radiotherapy, chemotherapy and radiotherapy.

Table 2 Distribution of Immunohistochemical Results of ER, PR, 
P53, and Ki67

Immunohistochemical Markers All Patients (n=318) %

ER
Positive 260 81.8

Negative 58 18.2

PR
Positive 261 82.1
Negative 57 17.9

P53
Abnormal 118 37.1

Normal 200 62.9

Ki67 positive ratio (%)
Median 30.00
Mean(±SD) 31.61(±18.51)

Range 0–90

Abbreviations: ER, estrogen receptor; PR, progesterone receptor.
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According to the cut-off value of Ki67 labeling index, 
patients with a Ki67 labeling index ≥38% were defined as 
the high-Ki67 group, and <38% were defined as the low- 
Ki67 group. Median follow-up time of the low-Ki67 group 
was 47 (range 19–67) months while for the high-Ki67 group 
was 45 (range 12–67) months, the 3-year recurrence-free 
survival rates for the low-Ki67 group and the high-Ki67 
group were 92.3% (95% CI, 88.6–96.0%) and 76.7% (95% 

CI, 68.7–84.7%) and the 5-year recurrence-free survival 
rates were 91.7% (95% CI, 87.8–95.6%) and 69.2% (95% 
CI, 59.6–78.8%), respectively (P=0.000; Figure 2A). The 
3-year disease-specific survival rates for the low-Ki67 group 
and the high-Ki67 group were 96.9% (95% CI, 94.5–99.3%) 
and 89.1% (95% CI, 83.0–95.2%), and the 5-year overall 
survival rates were 94.9% (95% CI, 91.6–98.2%) and 81.7% 
(95% CI, 73.3–90.1%), respectively (P = 0.001; Figure 2B);

Figure 1 The receiver operating characteristic curve of Ki67. 
Notes: Black dot: the area under the curve at this point is the largest, which indicates the optimal cut-off value of the Ki67 labeling index is 38.0% (n=318, area under the 
curve = 0.708; sensitivity, 65.2%; specificity, 706%); Dotted line: reference line; Solid line: Ki67 curve.

Table 3 Univariate and Multivariate Analysis of Factors Predicting Endometrial Cancer Recurrence

Variables Univariate Analysis Multivariate Analysis

Hazard Ratio 95% CI P-value Hazard Ratio 95% CI P-value

Age (≥60 vs <60) 1.814 1.012–3.250 0.045 1.119 0.541–2.316 0.761

Histotype (high risk vs low risk) 4.790 2.586–8.875 0.000 2.659 1.236–5.724 0.012
Myometrial invasion (≥1/2 vs <1/2) 2.856 1.597–5.105 0.000 2.259 1.178–4.330 0.014

Cervical stromal invasion (Yes vs No) 2.810 1.479–5.340 0.002 4.105 1.768–9.531 0.001

Adjuvant treatment (Yes vs No) 2.547 1.319–4.920 0.005 0.531 0.232–1.215 0.134
Ki67 (≥38% vs <38%) 3.973 2.165–7.290 0.000 2.800 1.472–5.326 0.002

ER (Positive vs Negative) 0.169 0.095–0.301 0.000 0.396 0.160–0.980 0.045

PR (Positive vs Negative) 0.200 0.112–0.358 0.000 0.775 0.283–2.119 0.619
P53 (Abnormal vs Normal) 2.700 1.501–4.859 0.001 1.988 1.059–3.729 0.032

Abbreviations: CI, confidence interval; HT, hormonal treatment; Chemo-radiotherapy, chemotherapy and radiotherapy; ER, estrogen receptor; PR, progesterone receptor.
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The Prognostic Significance of the Cut-off 
Value of Ki67 in the Patients with Early 
Low-Risk Endometrial Cancer
In all patients, a total of 118 patients had early low-risk 
endometrial cancer (these patients were with FIGO stage 
Ia, with low risk histotypes and without other obvious 
high risk factors for recurrence of endometrial cancer). 
They only received endocrine therapy or follow-up after 
surgery instead of adjuvant therapy. There were 91 early 
low-risk endometrial cancer patients in the low-Ki67 
group and only 1 (1.1%) patient relapsed, while 27 
early low-risk endometrial cancer patients in the high- 
Ki67 group and 7 (25.9%) patients relapsed 
(Supplementary Table 2). The 3-year recurrence-free 
survival rates for the patients with early low-risk endo
metrial cancer in the low-Ki67 group and the high-Ki67 

group were 98.7% (96.2–100%) and 72.6% (55.2– 
90.0%), respectively (P = 0.000; Figure 2C).

Discussion
Uncontrolled proliferation is a hallmark of malignant 
tumors. Ki67 is currently a recognized marker of cell 
proliferation, which reflects the proportion of malignant 
cells and is related to tumor progression, metastasis and 
prognosis.23 In esophageal cancer, colorectal cancer, pan
creatic cancer and other malignant tumors, high Ki67 
labeling index has been proved to be associated with 
poor prognosis.24–26 In female malignant tumors, the cut- 
off value of Ki67 has been used as an important prognostic 
indicator of breast cancer.4 While in endometrial cancer, 
Ki67 has also shown its potential value, but there is no 
acceptable cut-off value currently. In this study, we found 

Table 4 Comparison of Clinicopathological Parameters Between the Low-Ki67 Group and the High-Ki67 Group (n=318)

Variables Low-Ki67 Group (n=208) % High-Ki67 Group (n=110) % P-value

Age 24.73 24.00 0.003
<60 156 75.0 65 59.1

≥60 52 25.0 45 40.9

Histotype 0.000

Low risk 155 74.5 60 54.5
High risk 53 25.5 50 45.5

Myometrial invasion 0.148
<1/2 161 77.4 77 70.0

≥1/2 47 22.6 33 30.0

Cervical stromal invasion 0.949

No 181 83.2 96 87.3

Yes 27 16.8 14 12.7

ER 0.000

Negative 26 12.5 32 29.1
Positive 182 87.5 78 70.9

PR 0.000
Negative 27 13.0 30 27.3

Positive 181 87.0 80 72.7

P53 0.773

Normal 132 63.5 68 61.8

Abnormal 76 36.5 42 38.2
Recurrence (n=46) 16 7.7 30 27.3 0.000

Follow-up (months) 0.206
Median 47.00 45.00

Mean (±SD) 45.83 (±12.23) 43.94 (±13.40)

Range 19–67 12–67

Abbreviations: ER, estrogen receptor; PR, progesterone receptor.
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an optimal cut-off value (38%) of Ki67 for predicting the 
recurrence of endometrial cancer and multivariate Cox 
regression analysis suggested that high Ki67 labeling 
index (≥38%) was an independent risk factor for stages 
I–II endometrial cancer recurrence. According to the opti
mal cut-off value, the recurrence-free survival rate and 
disease-specific survival rate of patients in the high-Ki67 
group were much lower than those in the low-Ki67 group, 
which indicated that we should pay more attention to the 
prognostic management of patients in the high-Ki67 
group, including appropriately extending the time of post
operative adjuvant therapy, increasing the number of 
cycles of adjuvant therapy, conducting closer follow-up 
after surgery, etc. Most importantly, among the 146 
patients who did not receive adjuvant therapy (chemother
apy and/or radiotherapy) after surgery, except for some 
patients who refused to receive adjuvant therapy due to 
personal factors, there were still 118 patients who only 
received the postoperative endocrine treatment or follow- 
up instead of the adjuvant therapy due to early FIGO stage 
(FIGO stage Ia), low risk histotype, and without other 
obvious high risk factors of recurrence. However, some 
of them still relapsed. The survival analysis results showed 
that patients in the high-Ki67 group also had a lower 
recurrence-free survival rate than patients in the low- 
Ki67 group, which indicated that the endometrial cancer 
patients in the high-Ki67 group should not be treated 
solely with endocrine therapy or follow-up after surgery, 
even if they were with early FIGO stages and low risk 
histotypes, they might also need appropriate supplemen
tary chemoradiotherapy.4 Certainly, when making the deci
sion regarding adjuvant treatment, we should not consider 
Ki67 only. At present, the selection of patients for adju
vant therapy still mainly depends on traditional 

clinicopathological methods. For example, recent 
European guidelines and National Comprehensive Cancer 
Network guidelines indicated that there was no clear rules 
for post-operational radiotherapy and chemotherapy of 
patients with endometrial cancer, but suggest that supple
mental radiotherapy or even combination chemotherapy 
may be considered when patients have the following risk 
factors: late FIGO stage, poor pathological classification, 
older age (especially ≥60 years), extensive lymphovascu
lar space invasion, and deeper myoinvasion (>50%), etc.6,7 

Despite all this, the immunohistochemical markers such as 
Ki67 could still become a contributor for individualized 
adjuvant treatment, especially for patients with early FIGO 
stages and low risk histotypes.

It is worth mentioning that, besides the classic clinico
pathological parameters such as FIGO stage, histotype, 
myometrial invasion, cervical stromal invasion, which 
have long been proved to be independent prognostic indi
cators in other studies, the immunohistochemical markers 
ER and P53 were also found to be significantly associated 
with the recurrence of endometrial cancer in the multivari
ate analysis in this study, which was consistent with many 
similar studies.19,23 The loss of ER and PR expression has 
been widely proven to be an independent predictor of poor 
prognosis, even for low-grade endometrial cancer, which 
may predict lymph node metastasis and the risk of recur
rence. The loss of PR expression also indicates a poor 
prognosis for women with high-grade cancers, including 
histotypes that were previously considered to be unaffected 
by hormones, such as serous carcinomas,17 even though PR 
showed no obvious correlation with recurrence of endome
trial cancer due to the “collinearity” between factors in the 
multivariate analysis in this study. Similarly, abnormal 
expression of P53 (overexpression and complete deletion) 

Figure 2 Kaplan-Meier Survival Curve of the low-Ki67 group and the high-Ki67 group. 
Notes: (A) The recurrence-free survival for all patients in the low-Ki67 and high-Ki67 groups. (B) The disease-specific survival for all patients in the low-Ki67 and high-Ki67 
groups. (C) The recurrence-free survival for patients with early low-risk endometrial cancer who did not receive adjuvant treatment in the low-Ki67 and high-Ki67 groups. 
(A–C) Dotted line: high-Ki67 group; Solid line: low-Ki67 group.
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usually means mutation of the TP53 gene. Among the four 
subgroups of the Cancer Genome Atlas (TCGA) molecular 
typing of endometrial cancer, the prognosis of P53 mutation 
group is consistently the worst one, and is prone to further 
deterioration due to unfavorable clinicopathological 
factors.27 Therefore, the above immunohistochemical mar
kers should also be paid attention to when evaluating the 
prognosis of patients.

What needs to be explained is that the univariate analysis 
found that age, adjuvant treatment and PR were significantly 
associated with recurrence, while the multivariate analysis did 
not find significant correlations in this study, which might be 
explained by the fact that this was a single-center study, the 
other independent prognostic factors including myometrial 
invasion, cervical stromal invasion, histotype, Ki67, ER and 
P53 were more strongly associated with recurrence of endo
metrial cancer. And it did not deny the importance of the three 
factors (age, adjuvant treatment and PR) in predicting the 
prognosis of endometrial cancer. In fact, many articles have 
reported that the three factors are important predictors for 
endometrial cancer recurrence.11,18,20,28 Especially, contrary 
to our impression, it seemed that patients who received adju
vant treatment had more recurrences than those who received 
none according to the hazard ratio in the univariate analysis. 
This might be explained by the fact that most of these patients 
who received adjuvant treatment had the later FIGO stages, 
with the high risk histotypes, which led to a strong “collinear
ity” between the adjuvant treatments and these high risk 
factors,29 and the protective effect of adjuvant treatments 
was not enough to offset the high risk of recurrence incurred 
by these high risk factors. Therefore, in the univariate analysis, 
adjuvant treatments were suggested as a “risk factor for recur
rence.” However, the “collinearity” among factors was mini
mized after the multivariate analysis, and the adjuvant 
treatments were proved to be the “protective factors” (the 
hazard ratio of adjuvant treatments in multivariate analy
sis<1). Although the analysis results showed that adjuvant 
treatments had no significant correlation with relapse, other 
reports state that they have a positive impact on improving 
recurrence-free survival of patients, especially those with 
high-risk relapse factors.30,31

Of course, this study also has its limitations, including its 
retrospective design at a single institution, which requires 
multi-center research and further prospective studies to parti
cipate in joint verification. Secondly, there is a lack of con
sensus regarding the use of the Ki67 labeling index, and the 
“hottest spot” assessment method of Ki67 is currently com
monly used.32,33 In our study, the hot-spot scoring of Ki67 was 

used, and it demonstrated the prognostic significance of the 
Ki67 labeling index. However, It is still necessary to establish 
an international standard methodology for using Ki67.

In summary, we have found an optimal cut-off value of 
Ki67 and confirmed that it can be a reliable prognostic 
indicator for stages I–II endometrial cancer. Especially for 
patients with early low-risk endometrial cancer who would 
not receive adjuvant treatment after surgery, the cut-off value 
of Ki67 may be instructive for postoperative treatment of 
these patients.
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