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Purpose: This study assessed the prognostic value of red blood cell distribution width 
(RDW) and cancer antigen 125 (CA125) in predicting the prognosis of endometrial cancer 
(EC) patients.
Patients and Methods: In this study, we included 525 patients with EC between 
January 2013 and January 2019. Demographic and clinical indicators were collected, and 
the receiver operating characteristics curve (ROC) and cutoff values were calculated between 
the early and advanced stages of EC. Independent risk factors associated with EC prognosis 
were assessed using Cox regression analyses and the Kaplan–Meier method.
Results: Compared to women in the early stage of EC, women with advanced stage had 
significantly elevated RDW coefficient of variation (RDW-CV) and CA125 levels and lower 
mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) (both P < 0.05). 
Consequently, RDW-CV and CA125 were found to be independent risk factors for EC by 
using ROC curve and multivariate logistic regression analysis. The survival analysis curve 
was used to assess the diagnostic value of RDW-CV, CA125, and their combination in the 
prognosis of EC. The results showed that patients with high expression of RDW-CV and 
CA125 had worse overall survival than those with low expression. Moreover, multivariate 
Cox regression analysis indicated that RDW-CV+CA125=2 was an independent prognostic 
factor.
Conclusion: These findings suggest that CA125 combined with RDW-CV has a good 
prognostic value for EC. Thus, the RDW-CV+CA125 score is a promising prognostic marker 
for the clinical decision-making process regarding EC outcomes.
Keywords: CA125, RDW-CV, endometrial cancer, prognosis

Introduction
Endometrial cancer (EC) is the most common gynecological malignancy in devel-
oped countries, and its incidence is increasing each year.1 Patients with early stage 
EC have a good prognosis, with a 5-year survival rate of 74–91%, while patients 
diagnosed with stage III or IV EC have a 5-year survival rate of 57–66% and 20– 
26%, respectively.2 According to statistics, EC has a long onset period and high 
insidiousness, meaning its symptoms are not meaningful at the early stages of the 
disease.3 Moreover, studies have shown that 10–20% of patients with early EC and 
50–70% of patients with advanced EC have a poor prognosis.4 Therefore, 
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identification of reliable and feasible biomarkers is needed 
for the detection of EC patients with poor prognosis, 
development of individualized treatments, and implemen-
tation of follow-up protocols. At present, cancer antigen 
125 (CA125), is associated with the prognosis of EC.5 

However, when patients with non-EC suffer from 
endometriosis,6 hepatitis,7 or when the body is in the 
inflammatory response period, the level of serum CA125 
will also increase to varying degrees. Therefore, the spe-
cificity of CA125 as a tumor marker for EC is not high, 
and it is not recommended to use CA125 alone as 
a prognostic indicator of EC.

Red blood cell (RBC) distribution width (RDW) is 
a parameter reflecting the variation degree of red blood 
cell volume, which is often used in the clinical diagnosis 
of anemia types such as iron deficiency anemia and 
thalassemia.8 He et al9 confirmed that RDW was positively 
correlated with erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP), suggesting that changes in RDW 
may be related to the inflammatory state of the body. 
Clinical data have also shown that chronic inflammation 
is closely related to the progression of cancer.10 Recent 
studies have reported the expression of RDW in various 
common tumors, such as breast cancer,11 ovarian cancer12 

and gastric cancer,13 and its role in the diagnosis or prog-
nosis of such tumors. Other studies have shown that RBC 
count and anemia are associated with the prognosis of 
EC.14 However, the role of RDW in EC is not yet fully 
understood. Therefore, the present study aimed to investi-
gate the role of RDW and CA125 (alone or in combina-
tion) in the prognosis of EC.

Patients and Methods
Study Population
This descriptive study is a retrospective study conducted in 
a single center. Data of all women who had undergone 
primary hysterectomy for EC were retrospectively col-
lected from the Fujian Provincial Maternity and 
Children’s Hospital between January 2013 and 
January 2019.

The exclusion criteria were as follows: (1) secondary 
malignancies (n=4); (2) blood transfusion history within 3 
months or complications with hematologic disease (n=0); 
(3) radiotherapy or chemotherapy before surgery (n=0); 
(4) history of hormonal therapy within 12 months (n=0); 
(5) complications with all kinds of infectious diseases 
(n=0); (6) missing data for the variables or covariates 

analyzed in the present study (n=15); (7) lost before fol-
low-up (n=6). Therefore, the eligible study cohort com-
prised 525 patients. Informed consent was obtained from 
the patients before treatment, and data collection was 
performed in accordance with the institutional guidelines. 
The protocol was approved by the Ethics Committee of the 
Fujian Provincial Maternity and Children’s Hospital.

Sample Size
Our study included 525 patients with EC, from which 
clinical data and immunohistochemical pathological data 
were collected. We performed a sample size calculation 
according to two independent design data calculation for-
mulas post hoc. The calculated sample size was sufficient, 
and the power was 0.8.

Data Collection
Demographic and clinical data were collected from the 
Fujian Provincial Maternity and Children’s Hospital 
information system, and included age at surgery, body 
mass index (BMI), RDW coefficient of variation (RDW- 
CV) and standard deviation (RDW-SD), Mean 
Corpuscular Volume (MCV), Mean Corpuscular 
Hemoglobin (MCH), Mean Corpuscular Hemoglobin 
Concerntration (MCHC), white blood cells (WBC), neu-
trophilic granulocyte (NE), RBC, hemoglobin (Hb), 
CA125, cancer antigen 199 (CA199) and 153 (CA153), 
Carcinoma Embryonic Antigen (CEA), Alpha Fetal 
Protein (AFP), menopause, history of diabetes, hyperten-
sion, and International Federation of Gynecology and 
Obstetrics (FIGO) stage.

Follow-Up
We followed up all included EC patients for survival 
outcomes. The last follow-up time was on January, 
2020. The median follow-up period was 45.6 months 
(range 2.4–88.8 months). Overall survival (OS) was 
defined as the time from surgery to the date of death 
or to the last follow-up.

Statistical Analysis
Data distribution was assessed using the Kolmogorov– 
Smirnov test. Continuous variables are presented as 
means ± SD or as median (interquartile range), as appro-
priate, depending on whether the data were normally dis-
tributed; dichotomous variables are expressed as 
percentages. Continuous variables were compared using 
analyses of variance, Kruskal–Wallis tests, unpaired 
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t-tests, or Mann–Whitney U-tests, as appropriate. 
Categorical variables were compared using chi-squared 
or Fisher’s exact tests, as appropriate. To identify the 
factors associated with EC, receiver operating characteris-
tic (ROC) curves were generated for each continuous 
variable. The areas under the curve (AUCs) are provided 
with their sensitivity, specificity, and 95% confidence 
intervals (CIs). Cox regression analysis and Kaplan- 
Meier analysis were used for histological and clinical 
factors. Adjusted risk estimates were obtained using logis-
tic regression models and accounted for the variables used 
for matching. Significance was set at P ≤ 0.05. All ana-
lyses were performed using SPSS software (version 22.0; 
IBM Corp., Armonk, NY, USA).

Results
Patient Characteristics and Independent 
Prognostic Factors
Our study included 525 patients with EC and collected 
relevant clinical data for analysis. As the prognosis of 
patients with early- and advanced-stage EC is different, 
we divided the included EC patients into two groups (I–II 
vs III–IV) for analysis according to the FIGO stage. In 
general, there were no differences between the two groups 
with respect to age, BMI, WBC, NE, RBC, HB, MCHC, 
RDW-SD, AFP, CEA, menopause, history of diabetes, and 
hypertension (all P > 0.05; Table 1). However, compared 
to women in stages I–II, women with advanced stage EC 
had significantly elevated RDW-CV, CA125, CA199, 
CA153, and lower MCV and MCH (both P < 0.05, 
Table 1). To explore the independent high-risk factors of 
EC, the significantly different factors were evaluated by 
ROC curve analysis. The cutoff values for statistically 
significant EC indicators were identified (Figure 1). 
Based on these cutoff values, RDW-CV and CA125 were 
found to be independent risk factors for EC using univari-
ate and multivariate binary logistic regression analyses (P 
< 0.05, Table 2).

Correlations Between Clinicopathological 
Features and RDW-CV+CA125
Higher CA125 and RDW-CV levels were independent risk 
factors for the progression of EC stages; as so, based on 
CA125 and RDW-CV levels, we divided EC patients into 
the following three subgroups: both low CA125 and 
RDW-CV (assigned a score of 0), either low CA125 or 
low RDW-CV (assigned a score of 1), and both high 

CA125 and RDW-CV (assigned a score of 2). Table 3 
shows the relationship between RDW-CV+CA125 and 
some clinical indicators. The results showed that higher 
RDW-CV+CA125 levels were positively associated with 
the FIGO stage (P < 0.001, Table 3). There were no 
differences among the three subgroups with respect to 
age, BMI, menopause, history of diabetes, and hyperten-
sion. (all P > 0.05, Table 3).

Influence of the RDW-CV+CA125 on the 
OS of EC
Univariate Cox regression analysis showed that RDW-CV 
+CA125 and FIGO stages were associated with overall 
survival (OS) of EC (all P < 0.05, Table 4). Multivariate 
Cox regression analysis indicated that RDW-CV+CA125 
= 2 was an independent prognostic factor (HR, 5.488; 95% 
CI = 1.081−27.855; P = 0.040, Table 4). The Kaplan- 
Meier curve showed that the 3-year OS rates of EC was 
96.4% (95% CI, 95.6–97.2) and the 5-year OS rates was 
95.1% (95% CI, 93.9–96.3). In addition, the results 
showed that the high CA125 and RDW-CV subgroup 
(RDW-CV+CA125 = 2) had the lowest OS (P < 0.05, 
Figure 2). Moreover, when stratified by FIGO stage, 
there were also significant differences in OS with RDW- 
CV+ CA125 of 0, 1 and 2 in the Stage I–II and III–IV 
subgroups (all P < 0.05, Figure 2).

Discussion
The blood parameters of patients with EC at different 
FIGO stages were investigated. Significant differences in 
RDW-CV and CA125 levels were observed between the 
early and advanced stages of EC. Moreover, multivariate 
Cox regression analysis indicated that high CA125 and 
RDW-CV (RDW-CV+CA125 = 2) were independent 
prognostic factors. No similar findings have been reported 
in the literature.

The RDW is a common parameter in clinical hematology, 
and RDW-CV and RDW-SD can describe the heterogeneity 
of erythrocyte volume. RDW-CV is obtained from the rela-
tive ratio of the RDW-SD to the mean RBC volume, while 
RDW-SD is 20% above the baseline RBC volume distribu-
tion curve width. Although the exact mechanism of the 
association between RDW and malignant tumors has not 
yet been clarified, most studies have shown that the mechan-
ism of RDW on tumors is mainly manifested by 
inflammation,15 malnutrition16 and oxidative stress.17 First, 
malignancy is usually accompanied by systemic 
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inflammation. In recent years, a number of studies have 
shown that there is a positive correlation between RDW 
and inflammatory markers.9,15 A possible mechanism is 
that inflammatory responses and inflammatory factors affect 
iron metabolism, shorten the life span of RBC, and lead to the 
release of a large number of immature RBC and entry of bone 
marrow cells into the surrounding blood circulation.15 In 
addition, inflammatory factors can lead to ineffective hema-
topoiesis in the bone marrow, resulting in different sizes of 
RBC in the peripheral blood, leading to increased RDW. 

Chronic inflammation will keep patients in a state of long- 
term high level of oxidative stress, resulting in the decrease 
of RBC and the release of immature RBC into the blood, 
leading to an increase in RDW.17 In addition, patients with 
advanced cancer are often associated with emaciation and 
malnutrition, leading to deficiency of nutrients such as vita-
min B12 or folic acid, which leads to anemia and an increase 
in RDW.16 In recent years, many studies have shown that 
RDW is associated with the prognosis of breast cancer,11 

ovarian cancer12 and gastric cancer.13 Zhang et al18 showed 

Table 1 The Characteristics of Clinical Indicators in EC with Early and Advanced Stage

Parameter I–II(n=446) III–IV(n=51) P

Age at surgery, median (Range), years 54(49–59) 53(49–61) 0.789

BMI, median (Range), kg/m2 24.12(22.21–26.56) 24.45(22.36–26.16) 0.795

WBC, median (Range), 109/L 6.13(5.01–7.16) 6.21(5.28–7.41) 0.286

NE, median (Range), 109/L 3.38(2.71–4.33) 3.71(2.84–4.92) 0.130

RBC, median (Range), 109/L 4.27(4.00–4.60) 4.16(3.94–4.51) 0.210

HB, median (Range), g/L 126.00(116.25–134.00) 121.50(111.00–133.25) 0.130

MCV, median (Range), fL 87.6(83.3–90.4) 85.0(81.5–89.4) 0.034

MCH, median (Range), pg 29.6(28.0–30.8) 28.7(26.8–29.9) 0.010

MCHC, median (Range), g/L 338(329–344) 334(327–342) 0.167

RDW-CV, median (Range), % 12.5(12.1–13.2) 13.2(12.65–15.55) 0.001

RDW-SD, median (Range), fL 40.3(38.8–42.5) 41.2(38.93–43.68) 0.185

CA125, median (Range), U/mL 18(11.60–28.58) 38.85(19.05–122.95) <0.001

CA199, median (Range), U/mL 12.96(6.99–28.63) 23.63(11.52–68.84) <0.001

CA153, median (Range), U/mL 8.8(6.7–12.7) 13.25(8.83–21.58) <0.001

AFP, median (Range), ng/mL 2.46(1.80–3.36) 2.27(1.77–3.28) 0.467

CEA, median (Range), ug/L 1.71(1.17–2.56) 1.75(1.19–2.40) 0.097

Menopause status, n(%)
Premenopausal 223 23 0.507
Postmenopausal 223 28

History of diabetes, n(%)

Yes 354 39 0.629
No 92 12

History of hypertension, n(%)
Yes 267 36 0.137
No 169 15

Note: P<0.05 suggests significantly different. 
Abbreviations: BMI, body mass index; WBC, white blood cell; NE, neutrophil; RBC, red blood cell; HB, hemoglobin; MCV, mean corpuscular volume; MCH, mean 
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW-CV, The coefficient of variation of red blood cell distribution; RDW-SD, standard 
deviation of red blood cell distribution; CA125, cancer antigen 125; CA199, cancer antigen 199; CA153, cancer antigen 153; AFP, alpha fetal protein; CEA, A carcinoma 
embryonic antigen.
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that RDW was an independent risk factor for EC and had 
a high diagnostic value. Few relevant studies have been 
conducted on the RDW of EC, and most current studies 

focus only on RDW, without subdividing RDW into RDW- 
CV and RDW-SD. Our study analyzed RDW-CV and RDW- 
SD in EC patients, and the results showed that RDW-CV was 

Figure 1 ROC curves of MCV, MCH, RDW-CV, CA125, CA199, CA153. P<0.05 suggests significantly different.

Table 2 Univariate and Multivariate Logistic Regression Analyses for Stage

Parameter Univariable P1 Multivariable P2

OR (95% CI) OR (95% CI)

MCV ≤85.05R 0.406(0.226–0.769) 0.003 0.609(0.192–1.938) 0.609
>85.05

MCH ≤29.45R 0.414(0.225–0.764) 0.005 1.174(0.364–3.788) 0.789
>29.45

RDW-CV ≤12.45R 5.421(2.059–14.277) 0.001 4.635(1.437–14.951) 0.010
>12.45

CA125 ≤28.85R 5.085(2.755–9.383) <0.001 3.784(1.610–8.894) 0.002
>28.85

CA199 ≤18.88R 3.136(1.632–6.025) 0.001 2.271(0.965–5.342) 0.060
>18.88

CA153 ≤9.45R 3.508(1.811–6.794) <0.001 2.127(0.893–5.062) 0.088
>9.45

Note: P<0.05 suggests significantly different. 
Abbreviations: MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; RDW-CV, the coefficient of variation of red blood cell distribution; CA125, cancer 
antigen 125; CA199, cancer antigen 199; CA153, cancer antigen 153; R, references group.
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associated with the stage of EC, with a higher level of RDW- 
CV was a poor prognostic factor for EC. In contrast, there 
was no significant difference in RDW-SD levels between 

patients with early and advanced EC, and the mechanisms 
underlying this outcome need to be further investigated.

CA125 is a glycoprotein secreted by coelomic epithelial 
cells during embryonic development. It is widely found in 
endothelial cells and mesothelial cells of the female repro-
ductive system. When these cells are stimulated by inflam-
mation or damaged by tumor cells, the intercellular 
connections or basement membrane will be damaged, result-
ing in the release of CA125 into the blood and its high 
expression. Therefore, there may be varying degrees of 
elevation in the serum of healthy women or patients with 
tumor lesions. Currently, CA125 is closely related to the 
occurrence and development of EC and it is often used as 
a tumor marker for EC.19 Consistent with previous studies, 
our results suggest that CA125 is an adverse prognostic 
factor for EC. However, the specificity of CA125 as 
a tumor marker of EC is not high because the serum 
CA125 level will increase to varying degrees when non- 
EC patients suffer from endometriosis,6 hepatitis7 and 
tuberculosis,20 when pregnant, or when in the inflammatory 
response period. Therefore, in the present study, we com-
bined RDW-CV with CA125 for prognosis analysis, and the 
results showed that compared with CA125 or RDW-CV 
alone, RDW-CV+CA125 had a better prognostic value.

Table 3 Associations of RDW+CA125 with Clinical Characteristics

Parameters RDWCV 
+CA125, n

P

0 1 2

Age(years) ≤55 60 107 34 0.735
˃55 45 67 25

BMI (kg/m2) ≤25 55 106 35 0.326
˃25 50 67 23

FIGO stage I–II 100 156 38 <0.001
III–IV 1 16 19

Menopause status Premenopausal 43 88 34 0.139
Postmenopausal 62 92 26

History of diabetes Yes 20 41 11 0.657
No 85 139 49

History of 
hypertension

Yes 42 72 20 0.629
No 63 108 40

Note: P<0.05 suggests significantly different. 
Abbreviations: BMI, body mass index; FIGO, International Federation of 
Gynecology and Obstetrics; RDW-CV, the coefficient of variation of red blood 
cell distribution; CA125, cancer antigen 125.

Table 4 Univariate and Multivariate Cox Proportional Hazards Regression Analyses for OS

Parameter Univariable P Multivariable P

HR (95% CI) HR (95% CI)

MCV ≤85.05R 2.902(0.851–9.903) 0.086 – –
>85.05

MCH ≤29.45R 1.379(0.564–3.375) 0.481 – –
>29.45

CA199 ≤18.88R 0.901(0.333–2.435) 0.836 – –
>18.88

CA153 ≤9.45R 1.194(0.485–2.937) 0.700 – –
>9.45

RDWCV+CA125 0R – – – –
1 3.256(0.722–14.689) 0.125 2.893(0.634–13.191) 0.170
2 6.989(1.452–33.645) 0.015 5.488(1.081–27.855) 0.040

FIGO stage I–IIR 3.335(1.212–9.177) 0.020 2.039(0.707–5.877) 0.187
III–IV

Note: P<0.05 suggests significantly different. 
Abbreviations: MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; RDW-CV, the coefficient of variation of red blood cell distribution; CA125, cancer 
antigen 125; CA199, cancer antigen 199; CA153, cancer antigen 153; FIGO, International Federation of Gynecology and Obstetrics; R, references group.
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However, there our study had some limitations. First, 
because this was a single-institution, retrospective study, 
we were unable to eliminate inherent and potential biases; 
therefore, a large-scale, multi-center, forward-looking study 
is needed to validate our conclusions. Second, we did not 
study the molecular mechanism, which requires further ver-
ification. In addition, recently, TCGA molecular analysis has 
been proved to have a good application value in the prog-
nostic evaluation of EC.21–23 However, the value of RDW- 
CV + CA125 in different molecular classifications of EC 
was not evaluated in present study, and we need to further it 
in our future study. Nonetheless, this study was the first to 
determine the clinical value of RDW-CV and CA125 in EC 
and their combined use for the prognosis of EC.

In conclusion, RDW-CV+CA125 is a significant inde-
pendent prognostic factor for OS in EC. Moreover, 
RDW-CV and CA125 are economical, rapid, simple and 
noninvasive method for routine blood detection. It can be 
used as an auxiliary evaluation indicator to help early 
detection of high-risk population and early treatment to 
improve the prognosis of EC patients. Thus, the RDW- 
CV+CA125 score is a promising prognostic marker for 
the clinical decision-making process regarding EC 
outcomes.
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