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Purpose: This study assessed the predictive value of the preoperative systemic immune- 
inflammatory index (SII) for lymph node metastasis (LNM) in endometrial cancer (EC) 
patients.
Methods: We retrospectively included 392 EC patients between January 2013 and 
January 2019. Data on clinical indicators including age, body mass index (BMI), menopause, 
serum inflammatory immune index, serum tumor markers, history of diabetes and hyperten-
sion, stage, histological type, and myometrial invasion (MI) were collected. The association 
between clinical indicators and LNM was evaluated.
Results: The results indicated that neutrophil (NE), monocyte (MO) counts, SII, cancer 
antigen 125 (CA125), cancer antigen 153 (CA153), cancer antigen 199 (CA199), and the 
expression of estrogen receptor (ER) and Ki67 were higher in EC patients with LNM than in 
those without LNM (P<0.05). Lymph vascular space invasion (LVSI) was also associated 
with LNM (P<0.05). Consequently, the SII, CA125, CA153 and LVSI were found to be 
independent risk factors for LNM, and a nomogram including these indicators was per-
formed. The ROC curve analysis showed that compared with a single index, the combination 
of the SII, CA125, CA153 and LVSI significantly improved the efficiency of diagnosing 
LNM in EC patients (AUC=0.865, P < 0.001). Moreover, the SII was significantly associated 
with age, menopause, and FIGO stage (P < 0.05). Further logistic regression analysis 
suggested that elevated serum SII was an independent risk factor for MI and progression 
to a higher pathological grade in young premenopausal EC patients. In addition, elevated SII 
was an independent risk factor for advanced EC progression in age ≥55 or postmenopausal 
EC patients.
Conclusion: An elevated SII is an independent risk factor for LNM in patients with EC. In 
addition, the SII can be used as a predictor of MI and higher pathological grade in young 
premenopausal EC patients.
Keywords: systemic immune-inflammatory index, neutrophil, platelet, lymphocyte count, 
lymph node metastasis, endometrial cancer

Introduction
Endometrial cancer (EC) is one of the most common malignant tumors of the 
female reproductive tract, with a lymph node metastasis (LNM) rate ranging from 
10.5% to 14.9%.1–3 LNM is an important factor influencing the poor prognosis of 
EC patients, which not only affects the pathological stage of surgery but also may 
lead to serious consequences such as recurrence and distant metastasis, thus redu-
cing the long-term survival rate of patients.3,4 Surgery is the preferred treatment for 
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EC, and the basic surgical methods include cytological 
examination with retention of peritoneal fluid, laparo-
scopic extrafascial hysterectomy, bilateral adnexectomy, 
and abdominal aorta and pelvic lymph node dissection.4 

However, the need for para-aortic and pelvic lymph node 
dissection in patients with low-risk and stage IA EC 
remains controversial. Some scholars believe that standar-
dized lymph node dissection not only has auxiliary value 
in diagnosing LNM in patients with EC but also provides 
guidance for standardized postoperative treatment, which 
can reduce postoperative pelvic recurrence.5,6 However, 
some scholars believe that lymph node dissection does 
not improve the survival rate and tumor-free survival of 
patients but does cause lower limb pain, urinary fistula, 
bladder fistula and other postoperative complications in 
EC patients after surgical treatment.7–9 Therefore, preo-
perative overall evaluation is necessary. At present, ima-
ging and tumor marker detection are the main methods for 
evaluating LNM in patients with EC. Imaging diagnosis is 
the clinical preoperative assessment of LNM in patients 
with EC, and the commonly used methods, such as ultra-
sonography, computerized tomography (CT), and mag-
netic resonance imaging (MRI), are affected by factors 
such as instruments and doctor experience. Hence, there 
is a certain probability of missed diagnosis and misdiag-
nosis. Cancer antigen 125 (CA125) is a tumor marker with 
good sensitivity closely related to the prognosis of EC, 
especially in EC patients with abdominal metastasis.10 

Many studies have shown that CA125 can predict LNM 
in EC.11 However, the level of serum CA125 can increase 
to varying degrees, such as in endometriosis12 and 
hepatitis,13 which indicates that the specificity of CA125 
as a tumor marker for EC is not high. Therefore, it is of 
great significance to actively seek scientific and effective 
LNM prediction methods for the formulation of treatment 
plans for patients with EC.

In recent years, the tumor microenvironment has 
received increasing attention, and a variety of inflamma-
tory cells and inflammatory mediators are important com-
ponents of the tumor microenvironment. Many studies 
have demonstrated that the systemic inflammatory 
response is related to the postoperative survival of tumor 
patients.14–17 Serum inflammatory factors can be detected 
in an easy and convenient way. Recently, the SII based on 
peripheral lymphocyte (Lym), neutrophil (NE) and platelet 
(PLT) counts has been considered a better index to reflect 
the local immune response and systemic inflammation, as 
its high prognostic value has been confirmed in a variety 

of tumors, such as cervical cancer,15 pancreatic cancer,16 

and colorectal cancer.17 Moreover, the SII has also been 
shown to be closely associated with poor prognosis of 
EC.18,19 However, the relationship between the SII and 
LNM in EC patients remains unclear.

Therefore, this study evaluated the relationship 
between the SII and LNM in EC patients to identify 
a suitable indicator for clinicians to use when performing 
preoperative risk assessments of LNM in EC patients to 
aid in clinical diagnosis and treatment.

Patients and Methods
Subjects
The current study retrospectively included patients who 
underwent primary hysterectomy for EC at Fujian 
Provincial Maternity and Children’s Hospital from 
January 2013 to January 2019 and had immunohistochem-
ical pathological results.

The exclusion criteria included the following: 1) other 
malignant tumors or a history of other malignant tumors 
(n=3); 2) acute or chronic inflammation, immune disease, 
or hematologic disease (n=4); 3) preoperative chemother-
apy, radiotherapy or hormone therapy (n=0); and 4) loss to 
follow-up (n=5). A total of 392 patients were included. We 
obtained informed consent from all the included patients. 
The Ethics Committee of Fujian Provincial Maternity and 
Children’s Hospital approved the study.

Data Collection and Definitions of 
Systemic Inflammatory Indexes
Data on demographic and clinical indicators were collected 
from the Fujian Provincial Maternity and Children’s Hospital 
information system. This information included age, body mass 
index (BMI), white blood cell (WBC), NE, monocyte (MO), 
PLT, Lym, T cell, B cell, CD4+T Lym, CD8+T Lym, and NK 
cell counts, cancer antigen 125 (CA125), cancer antigen 199 
(CA199) and 153 (CA153), and carcinoma embryonic antigen 
(CEA) levels, menopausal status, history of diabetes and 
hypertension, International Federation of Gynecology and 
Obstetrics (FIGO) stage, histological type, tumor grade, myo-
metrial invasion (MI), lymphovascular space invasion (LVSI), 
LNM, and the expression levels of estrogen receptor (ER), 
progesterone receptor (PR), and Ki67. Blood testing was 
carried out within 1 week before surgery.

The inflammatory indexes were calculated as preopera-
tive inflammatory indicators with the following formulas: 
SII = PLT count × NE count/Lym count.
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Statistical Analysis
Statistical analysis was performed with SPSS 22.0 (IBM 
Corp., Armonk, NY, USA) and R version 4.0.2. Continuous 
variables were analyzed by Student’s t-tests or Mann-Whitney 
U-tests. Chi-square tests or Fisher’s exact tests were used to 
analyze the categorical variables. A receiver operating char-
acteristic (ROC) curve was generated for the cutoff point of 
the continuous data. The areas under the curve (AUCs) are 
provided with their sensitivity, specificity, and 95% confidence 
intervals (CIs). The significance of the obtained cutoff values 
associated with EC was tested by performing both univariate 
and multivariate binary logistic regression analyses. Adjusted 
risk estimates were obtained with logistic regression models 
and accounted for the variables used for matching. 
A nomogram was constructed via the rms R package. 

Validation of the nomogram included calibration and discri-
mination. Calibration was evaluated by calibration plots and 
Hosmer-Lemeshow tests to calculate the consistency between 
the observed and predicted probabilities. A Hosmer- 
Lemeshow P value>0.05 indicated good consistency. The 
discrimination—namely, the predictive accuracy of 
a nomogram—was evaluated by the ROC curve. 
Significance was set at P≤0.05.

Results
Baseline Characteristics
Table 1 and Figure 1 show the clinical indicators asso-
ciated with LNM in EC patients. The results indicated 
that serum inflammatory factors, including NE and MO 
counts and the SII, were higher in EC patients with 

Table 1 Baseline Characteristics of EC Patients

Parameter No-LNM (n=364) LNM (n=28) P

Age, years 54(50–59) 55(47–61) 0.714

BMI, kg/m2 24.14(22.29–26.66) 24.38(21.88–26.30) 0.959

CA125, U/L 18.45(12.25–32.20) 54.30(24.40–136) <0.001

CA199, U/L 13.56(7.50–30.74) 34.77(10.69–95.18) 0.016

CA153, U/L 9.10(6.90–13.50) 15.0(9.8–22.5) <0.001

CEA, ng/mL 1.81(1.22–2.73) 1.75(1.20–2.67) 0.928

Menopause status, n(%)

Premenopausal 174 9
0.110Postmenopausal 190 19

History of diabetes, n(%)

No 282 22
0.893Yes 82 6

History of hypertension, n(%)

No 216 18
0.608Yes 148 10

LVSI

No-LVSI 339 18
<0.001LVSI 25 10

ER expression

Low 32 6
0.030High 332 22

PR expression

Low 44 7
0.052High 319 21

Ki67(%) 40.0(22.5–60.0) 50.0(40.0–70.0) 0.007

Note: P<0.05 suggests significantly different. 
Abbreviations: BMI, body mass index; CA125, cancer antigen 125; CA199, cancer antigen 199; CA153, cancer antigen 153; CEA, a carcinoma embryonic antigen; LVSI, lymph 
vascular space invasion; ER, estrogen receptor; PR, progesterone receptor; ER/PR low expression included, ER/PR(-/±); ER/PR low expression included, ER/PR(+/++/+++).
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LNM than in those without LNM (P<0.05, Figure 1). In 
addition, the levels of serum CA125, CA153, and 
CA199 were elevated in the LNM group (P<0.05, 
Table 1). Moreover, the expression of ER and Ki67 
was higher in EC patients with LNM (P<0.05, 
Table 1). LVSI was also associated with LNM 
(P<0.05, Table 1). There were no differences observed 
between the EC patients with and without LNM with 
respect to age, BMI, WBC, Lym, PLT, T cell, B cell, 
CD4+ T cell, CD8+ T cell, NK cell counts, CEA level, 
menopausal status, history of diabetes and hypertension, 
or PR expression (all P > 0.05, Table 1, Figure 1).

Independent Risk Factors for LNM in EC 
Patients
The continuous data were dichotomized for subsequent 
analyses using ROC curve analysis and the Youden 
Index (Figure 2). The cutoff values for statistically signifi-
cant LNM-related indicators, including NE, MO, SII, 
CA125, CA199, CA153, and Ki67, were identified. 
Moreover, the results of ROC curve analysis showed that 
these indicators had good predictive ability for LNM in 
EC (all P < 0.05, Figure 2). All baseline characteristics and 
clinicopathological features were analyzed by univariate 
and multivariate logistic regression analyses in EC 

Figure 1 Characteristics of inflammatory immune cells in EC with LNM and no LNM. 
Note: *P < 0.05. P<0.05 indicates significant differences. 
Abbreviations: WBC, white blood cell; NE, neutrophil; MO, monocyte; PLT, platelet count; Lym, lymphocyte; SII, systemic immune-inflammatory index; NK, natural killer.
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patients. The results of the univariate logistic regression 
analysis showed that NE and MO counts, the SII, the 
levels of CA125, CA153, and CA199, and LVSI and ER 
expression were significantly associated with LNM (all 
P < 0.05, Figure 3A). Then, significant factors from the 
univariate analysis were included in the multivariate ana-
lysis. The results showed that the SII, CA125, CA153 and 
LVSI were independent risk factors for LNM (all P < 0.05, 
Figure 3B). The significant independent predictors identi-
fied in the logistic regression analysis were used to con-
struct a nomogram for LNM to provide a method for 
quantitative prediction (Figure 4A). Calibration plots and 
ROC curves were used to assess the predictive accuracy of 
the nomogram. The calibration plots graphically showed 
good consistency between the actual observations and the 
predicted probabilities in the prediction of LNM, with 
Hosmer-Lemeshow P=0.288 (Figure 4B). The ROC 
curve analysis showed that compared with a single index, 
the combination of the SII, CA25, CA153 and LVSI could 
significantly improve the efficiency of diagnosing LNM in 
EC patients (AUC=0.865, P < 0.001, Figure 4B).

Correlations Between Clinicopathological 
Features and the SII
The SII was significantly associated with age, menopause, 
FIGO stage, and LNM (all P < 0.05, Table 2). To further 

explore the clinical application value of the SII, we analyzed 
EC patients according to age and menopause. The results 
showed that the SII was closely related to pathological grade 
and MI in young premenopausal EC patients (all P < 0.05, 
Table 3). In EC patients age ≥55 years or with postmenopau-
sal EC, the SII was associated with FIGO stage (all P < 0.05, 
Table 3). Further logistic regression analysis suggested that 
an elevated serum SII was an independent risk factor for MI 
and progression to a higher pathological grade in young 
premenopausal EC patients (P < 0.05, Figure 5A and B). In 
addition, an elevated SII was an independent risk factor for 
advanced EC progression in age ≥55 or postmenopausal EC 
patients (P < 0.05, Figure 5C).

Discussion
LNM is the main manifestation of EC metastasis and a key 
factor affecting the prognosis of patients with EC. Pelvic 
LNM is closely related to the prognosis of patients with 
EC, which is of great significance for the formulation of 
clinical treatment plans and prognosis monitoring of patients 
with EC.3,4 At present, there is no effective serum marker to 
predict LNM in EC patients. In previous studies, the systemic 
inflammatory response has been proven to be a factor in the 
poor prognosis of patients with various cancers.15–19 To 
investigate the simple and effective prognostic indexes used 
in the evaluation of the prognosis and guidance of clinical 
treatment of EC patients, many indexes based on 

Figure 2 The ROC curve. The ROC curve for NE, MO, SII, CA125, CA199, CA153, and Ki67. The cutoff values for these indicators were identified. P<0.05 indicates 
significant differences. 
Abbreviations: NE, neutrophil; MO, monocyte; SII, systemic immune-inflammatory index; CA125, cancer antigen 125; CA153, cancer antigen 153; CA199, cancer antigen 199.
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inflammation were studied and discussed, and this explora-
tion focused on the value of the SII in the prediction of LNM 
in EC patients. Our study is the first to suggest that an 
elevated SII is an independent risk factor for LNM in patients 
with EC. In addition, the SII has different application value in 
pre- and postmenopausal EC patients. In premenopausal 
patients with EC, the SII can be used to assist in the assess-
ment of deep MI and higher pathological grade. The results 
have implications for young women who want to keep their 

uterus if they have a reproductive need. In postmenopausal 
EC patients, the SII was more closely associated with FIGO 
stage. An elevated SII was an independent risk factor for 
advanced EC in postmenopausal patients.

The inflammatory immune microenvironment plays an 
important role in tumorigenesis, development and 
metastasis.20 Changes in the inflammatory tumor micro-
environment contribute to the acquisition of malignant 
characteristics such as cancer cell proliferation, 

Figure 3 The logistic regression analyses. (A) Univariate logistic regression analyses for LNM. (B) Multivariate logistic regression analyses for LNM. P<0.05 indicates 
significant differences.
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aggressiveness, metastasis, angiogenesis, and immune 
escape.20,21 Common inflammatory cells in peripheral 
blood include WBCs, Lyms, NEs, MOs and PLTs. The 
relationship between systemic inflammatory markers and 
tumors has become a current research hotspot.

Lyms have an immune recognition function and are an 
important part of the immune response mechanism of the 
body. Lyms are involved in the regulation of tumor immunity 
and play a role in killing tumor cells by establishing an 
immune barrier.22,23 A decrease in the Lyms level means 
that the immune function of the body is weakened and the 

antitumor immune ability is decreased, thus promoting the 
recurrence and metastasis of tumors.22,23 However, studies 
on Lym counts in EC patients are limited. Some studies have 
shown that the Lym count is associated with the prognosis of 
EC.24 In contrast, some studies suggest that the Lym count 
does not play a significant role in EC prognosis assessment.25 

In our study, there was no significant difference in the Lym 
counts among the EC patients with or without LNM. The 
differences in these results may be due to population differ-
ences or individual Lym counts that may be greatly influ-
enced by changes in the body environment.

Figure 4 (A) The nomogram for predicting LNM with SII, CA125, CA153, and LVSI. (B) The calibration plots for the nomogram. (C) The ROC curve for the nomogram.
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Table 2 Associations of SII with Clinicopathological Characteristics

Parameter SII<636.74  
(n=267)

SII ≥636.74  
(n=116)

Χ2 P

Age, n(%)

<55 years 141 76
5.318 0.021≥55 years 126 40

BMI, n(%)

<25 kg/m2 142 58
0.881 0.349≥25 kg/m2 90 46

Menopause status, n(%)

Premenopausal 111 67
8.516 0.004Postmenopausal 156 49

FIGO stage, n(%)

I–II 237 92
5.125 0.024III–IV 25 20

Histologic type, n(%)

EEC 233 97
0.901 0.339NEEC 34 19

Histologic grade, n(%)

Grade1/2 209 81
1.289 0.257Grade 3 22 13

Myometrial invasion, n(%)

<50% 168 62
3.337 0.068≥50% 97 54

LVSI, n(%)

No 246 102
1.721 0.190Yes 21 14

LNM, n(%)

No 256 99
13.246 <0.001Yes 11 17

ER expression, n(%)

Low 22 16
2.791 0.095High 245 100

PR expression, n(%)

Low 32 18
0.863 0.353High 234 98

Ki67 expression, n(%)

<55.8% 176 79
0.043 0.836≥55.8% 82 35

Note: P<0.05 suggests significantly different. 
Abbreviations: BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; EEC, Endometrioid endometrial adenocarcinoma; NEEC, none-
ndometrioid endometrial cancer; LVSI, lymph vascular space invasion; ER, estrogen receptor; PR, progesterone receptor; SII, systemic Immune-Inflammatory Index; ER/PR 
low expression included, ER/PR(-/±); ER/PR low expression included, ER/PR(+/++/+++).
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NEs are effector cells of the acute inflammatory 
response and play a major role in the clearance of extra-
cellular pathogens. These cells are involved in the activa-
tion, regulation and effector functions of innate and 
adaptive immune cells.26 Neutrophil elastase and vascular 
endothelial growth factor are closely related to tumor 
growth and metastasis.26 Moreover, when systemic inflam-
mation occurs in the body, in addition to an increase in the 
number of NEs and a decrease in the number of Lyms, 
PLT levels increase, various chemokines activate PLTs, 
and activated PLTs release growth factors to support 
tumor growth and invasion.27 Chen et al confirmed that 
a high PLT count was independently associated with poor 
RFS and OS in EC patients.28 In addition, as an elevated 
SII reflects a status of elevated NE and PLT counts, we 
believe that factors that stimulate granulopoiesis and/or 
thrombopoiesis might also be involved in the mechanism 
responsible for the elevated SII in EC patients.

The SII is a novel index combining the counts of three 
inflammatory immune cells: Lyms, NEs and PLTs. Studies 
have shown that the SII can predict the survival prognosis 
of patients with a variety of tumors.15–19 Screening and 
identifying high-risk patients have application value. 

Holub et al19 suggested that the SII is associated with 
poorer outcomes in surgically staged I–III FIGO EC 
patients classified as high risk and treated with adjuvant 
EBRT and could be considered at cancer diagnosis. 
Matsubara et al18 confirmed that the SII is an independent 
prognostic factor in EC patients, allowing more precise 
survival estimation than PLR or NLR. However, the rela-
tionship between the SII and LNM in EC remains unclear. 
In our study, an elevated SII was confirmed to be an 
independent risk factor for LNM in patients with EC and 
could be used as a serum predictor of LNM in patients 
with EC, with good clinical application value. In addition, 
the SII was significantly associated with age and meno-
pause in the correlation analysis. Therefore, we divided the 
EC patients into two groups according to age and meno-
pause for subgroup analysis. The results showed that in 
young premenopausal women, the SII was closely asso-
ciated with MI and a higher pathological grade in EC. For 
young premenopausal EC patients with reproductive 
needs, it is of great significance to evaluate the occurrence 
of muscular infiltration and pathological grading status. 
These findings have not been reported previously. We 
consider that future investigation of the underlying 

Table 3 Correlations Between Clinical or Biochemical Parameters and SII in EC Patients

Parameter Premenopausal and Age<55  
(n=160)

Postmenopausal or Age ≥55  
(n=232)

SII  
<636.74

SII  
≥636.74

P1 SII  
<636.74

SII  
≥636.74

P2

BMI <25 56 29
0.051

86 29
0.707≥25 26 27 64 19

FIGO stage I–II 84 52
0.339

153 40
0.021III–IV 9 9 16 11

Histologic 

type

ECC 89 56
0.300

144 41
0.228NECC 5 6 29 13

Histologic 

grade

Grade1/2 80 44
0.034

129 37
0.953Grade 3 4 8 18 5

Myometrial 
invasion

<1/2 68 36
0.040

100 26
0.214≥1/2 24 26 73 28

LVSI No 89 57
0.495

157 45
0.129Yes 5 5 16 9

ER 

expression

Low 6 6
0.451

16 10
0.062High 88 56 157 44

PR 
expression

Low 5 6
0.300

27 12
0.269High 89 56 145 42

Ki67 

expression

Low 72 47
0.992

104 32
0.657High 20 13 62 22

Note: P<0.05 suggests significantly different. 
Abbreviations: BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymph vascular space invasion; ER, estrogen receptor; PR, 
progesterone receptor; SII, Systemic Immune-Inflammatory Index; ER/PR low expression included, ER/PR(-/±); ER/PR low expression included, ER/PR(+/++/+++).
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causative mechanism of an elevated SII will aid in the 
development of novel effective treatments for EC.

LVSI is a high-risk factor for LNM in EC patients.29 The 
presence of LVSI is associated with LNM, a critical factor with 
regard to staging, prognosis and treatment planning of clini-
cally early-stage EC patients.30 Consistent with previous stu-
dies, our results suggest that LVSI is an independent risk factor 
for LNM in EC patients. However, as LVSI is mostly diag-
nosed by pathology after surgery, it cannot be evaluated before 
surgery. Our study, combined with serum indicators, is easy to 
detect and can be used as an auxiliary indicator to determine 
LNM in patients with EC, with good clinical application value.

In addition, CA125 and CA153 were confirmed to be 
independent risk factors for LNM in EC patients in our 
study, which was consistent with previous studies.31–33 

Moreover, our study combined the SII, CA125, CA153 
and LVSI to significantly improve the efficacy of predict-
ing LNM in EC patients.

There were also some limitations to this study. First, 
selection bias may exist, as this is a single-center retro-
spective study that represents the population only in 
some regions of China. Future studies should include 
a large, multicenter sample. Second, peripheral blood 
cell analysis results are easily affected by factors such 
as blood circulation capacity, infection, and nutritional 
status. Moreover, the treatment of patients after surgical 
resection has some heterogeneity, leading to different 
clinical outcomes.

In conclusion, the results of our study confirm that 
an elevated SII is an independent risk factor for LNM 
in patients with EC. In addition, the SII has different 
clinical application value in EC patients according to 
age and menopausal status. Notably, the SII can be 
used as a predictor of muscle invasion and a higher 
pathological grade in young premenopausal EC 
patients.

Figure 5 The logistic regression analyses. (A) Multivariate logistic regression analyses for myometrial invasion in premenopausal young EC. (B) Multivariate logistic 
regression analyses for histologic grade in premenopausal young EC. (C) Multivariate logistic regression analyses for FIGO stage in postmenopausal or age≥55 EC. 
Note: P<0.05 indicates significant differences. 
Abbreviations: SII, Systemic Immune-Inflammatory Index; FIGO, International Federation of Gynecology and Obstetrics; ORadjust, OR adjust for age; Padjust, P value 
adjusted for age.
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